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THE PREPARATION OF PYRIDINE DIOARBOXY'LIC AOIDS 
BY ozo1m OXIDATION 

INTRODUCTIOli 

Aromat1o dicarboxylic acids have recently 
gained an important place as syntheti~ intermediates 

1n the preparation or meclicinals. A e1m1lar group 

of important compounds which have not been thoroughly 
investigated as synthetic intermediates are the 

pyridine dicarboxylio acids • . '.l'b.is 1s due in part _ 

to the: difficulty or obtaining suitable quantities 

of these acids .by convenient methods• · 
In an attempt to develop a convenient synthesis 

tor quinolinic ao1d ( I ) (pyridine-2, 3-dioarboxylic 

acid) and o1nchomeron1c acid ( II 1 (pyr1d1ne•3,4• 

dicarboxYl1c acid),. a study \,as made of the ozone 

0 .. OOOH 

COOB ··. N 

I 

OOOH 

OOOOH 
.· N .. 

II -
oxidation or quinoline. 8-hydroxyqu1nol1ne and 

1eoqu1nol1ne. Mainly out or theoretical interest, 



the investigation was extended. to include 6•am1no--

quinol1ne, 6•n1troqU1noline, o•fluoroquinol:tne, and 

_6-tluoro•8•aminoquinol1ne. 

The manufacture of pyr1d1ne d1oarboxyl1c 

acid.a by the action of o.zono on qu1nol1ne and 1 ts 

derivatives has been preV1.ously_cla1med by Enn1s1 

in a Br1t1eh patent 1n 1914. However, the patent 

completely fails to report any- details concerning the 

ozonizat1on procedure, the 1solat1on and oharac·ter1zat1on 

processes,. and_ the yields. No other -references regard1n·g 

the action ot ozone on these OOlilDOundS ap:pearin the 

11 terature. : 

A. · _Preparation of .Pyridine D1oa:rboxzllc ·Ac1dst 

Q~nol1:-1'.c ~Cid was first· ,8Y1,lthee1zec1 in 1879 

by the alkal1ne ox1dat1_on of _ q~nol~ne\ with potassium 

permangenate.2 •3• 4•5 ~6• 7 • Pro~eeding on the principle 

co Alkali 
-0·•· cooa 

OOOH 
N . 

that the pyridine nucleus 1s more resiato.nt to 

oxidation than the benzene nucleus. qu1noli.ne obtained 



~x-om coal tar was oX1d1sed b1 the heating ot an 
alkaline solution w1th potass1um. .Pern:t.anganate. Removal 
of' the insoluble manganese d1oX1de by filtration and 

. ao.id1f1cat1on of the rema.1n1ng solution gave qu1nol1n1c 

acid in lo,, yields.3 

A s1an1f1cant dltference in the pyridine 
nucleus atld the benzene nucleus of quinol1ne 1e that 

substitution affects the. benzene nucleus exclusively;, 

whereas varlou.s substituted groups can be introduced 
into the pyr1dlne nucleus only by 1nd.1rect me_thoda, 

tor instance, d.uring:synthesls •. Thte dltterenee 1s of 
interest because such subst1tuenta as hydrox118, 9,lO,ll, 

meteyl4, and aulton108 groups 1n the benzene nucleus 
facilitate 1 ts ox1a.at1on.. Substituted groups in the 

pyridine nucleus, however, ebow no ettect on the rate 
of oxidation of the.benzene nucleus and rematn·unoX1d1ze4 
in tha pyridine nucleus• thus permitting the synthes1s 

of numerous substituted. quinol1n1c acid derivatives. 

KMnO 4 

Alkali > OOOOH 

R 000.H 
. . 

Jd 

Util1z1ns the principle that the ox1de.t1on or 
the benzene nucleus 1s facilitated by the presence of 
substituted groups, Suoharaa12 synthesized qu1nol1n1c 



•acid by the oxidation ot· 8•1:1Jd.roxyqu1nol1ne w1th nitric 

acid. The ox1dat1on was carried ou.t slowly by the 

dropw1se ada.1tionot nitric· acid to quinoline over·a 
twenty-tour hour· period•· The s.olut1on was partially 

evaporated and the quinolinio acid which separated from 

solution was further purified by recrystall1zation., 

The qu1nolin1c ae1d th.us obtained 1s usually 1n the form 
\_ 

ot· an1trate, and hydrolysis and further purification 

are necessary in order to obtain the pure product. , 

OOOOH 

mm/ .OOOH 
. M 

~e foregoing methods for the preparation of 

qu1n611n1c acid by.the oxidation of quinoline or sub-

stituted quinolines w1thalkal1.ne permanganate or n1trio 

ac1d13114115116117 are,. aocord1ng to Stika and Bulgaoh18,· 

unsatisfactory tor the continuous prepa:rat1on of large 

quantities of qu1nolin1o acid. A more feasible method 

1s offered 'by the oxidation ot qu.1nol1ne with hydrogen 
peroxide in the presence ot copper sulfate o Hydrogen 

peroxide alone does not appreciably attack quinol1ne,, 

but in the presence of c:opper sulfate and sulfuric acid,, 

an insoluble qu1nol1n1c copper salt separates from the 
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solution in 70% ylelds. The addition or presence of 

ferrous sulfate, however, not only results in .nn 
appreciable attaelt on the 'benzene nucleus,. but also 

on the pyridine nucleus, splitting otf the nitrogen 
vdth the evolution of anm1on1a. It is thought that in 

both cases,- the -<>Xida·t1on f1r,at. di sru.pts the 'benzene 

nucleus, but that 1n the case ot the copper aulfe.te 
the oxidation 1s much ·. faster, a.net the _qu1nol1n1o nc~d 

pr1ma:r1ly formed does not tom an insoluble. iron salt. 

f.l'lleretore, the qu1nol1n1o acid 1s not ,removed from the 

field ot oxidation, and .splitting ot the pyridine nucleus 

with tho elimination ot ammonia follows. Thus. u11nute 
quantities of 1ron present 1n·tbe reacting solution 
tend to reduce th.e··y1elr1.- The 11m1t1ng value below v,hich 

the iron content appears to.have little effect is 0.04%, 

but the ·presence ot o.2%of !ron cuts the yield from 

70% to 30%. 

·Qu1no11ne may also be oxidized electr1callyl9,20, 
21,22 at a. pl.a.tin.um anode in 75% sulfuric acid, to give 

a. yield ot 77% qu1no11n1o acid. The qu1nolin1c acid. is 

separated from the enolyte by washing with.30% sodium 

hydroxide until just acid to Congo ~d, followecl by. the 

£ormst1on or the. copper salt ana tlle regeneration ot the 
qu1nol1nio a.c1d. by treatn1ent with h~drogen sulfide. 
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01nchomeron1c acid (pyrid1ne•3,4-d1carboxyl1c 

acid) is considerably more difficult to obtain than 

qu1nolin1c acid. It is prepared·mainly by the oxidation 

ot quinine hydrochloride with nitr1cacid.23, 24 ~26•26 • 

It can also. be prepared, 11ke·quinolin1c acid, by the 

alkaline oxidation of isoquinoline with.potassium 

perinanganate ·•27, 28• 

. (Y'1 Kl,tno4 (')coou+ . (') 
0
o .. o

0 
.. _ o

0
,··· aH· 

N~· Alkali .• N~coo~ . K) 

The pyridine nucleus in 1soqu1,nol1no, however, 

1s not as stable as that inquinoline, and oxidation 

attacks both the benzene,nucleus aml the pyridine 

nucleus simultaneously, producing 01nohon1eronic. ao14 

and phtha11c acid• Substitution of vari.ous radicals in 

the benzene nucleus facilitates the oxidation but 

apparently does not prevent the oxidation of the. pyridine 

nucleus. 

Oinchomeronic acid has also been prepared by 

the oxidation ot 314-dirnethyl pyr1dine29 '1n small yields, 

but the extreme difficulty ot obtaining 31 4-dimethyl 

pyridine makes this method impractical. 
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B. Ozonizatlon ·Reaction: · 

The .theoretical treatment or ozonolysis has 
. . . .. - " 

been applied auooassrully to mnny ·quest1ons of structUl'e, 

but until recently :lts utilization as_ ·a .means:of· synthesis 

ha·a not been extensively. developed. .The slow de'\fel9.pmen.t 

of the utilization of ozonolys1s for- ,1th;e synthesis of 
.: i 

organic compound.a can be readily understood. when one 

considers. the va:r1011s taotors which· govern the reaction. 

Such factors as the ozone concentration, the duration 

and rate or ozonisation, the temperature or the reaction, 

the solvent, the concentration of the solution, and, 

most importa.nt of all, _the decomposition ot unstable or · 

highly stable ozonides/ara all aensiti ve and important_ ..... 
,·"_/;',;j_ =. ·-•_., 

te.o·tora. 

In formulating a theory .of ozonolysis, con• 

a1derat1on must firat be ·given: to the structure of the 

ozone molecule. ·· ·i.1a.uy e.r:rangements ot the oxygen atoms 

have b~an presented,_ of" which the · two moat commonly · 
30 considered are: 

/o, 
0-0 ' o-o-=o 

The structure assigned to the corresponding ozonide, 

assuming either of the latter structures for ozone 1 1s: 
" 

R9 - O~C-R2 .., · I I · . 
0 ... o 
'o' 
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However, upon reduction, such e. structure yields glycols 

and not aldehyd.es and ketones, as obtained experimentally-. 

The pronounced reactivity of one ot the three oxygen 

atoms 1n the ozone molecule is not accounted tor by 

either of these structures, and a third formula,· in which 

two oxygen atoms are linked by a double bond, and the 
31 th1ro_by a coordinate covalent bond, is currently accepted • 

•• 
• 0 • • • • • • • · .o •. . 0: 

• • • 

The ozone molecule is not a linear molecule, but physical 

measurements indicate. the angle between the oxygen atoms 

to be 127°. The structure assigned. to the corresponding 

primary Qzon1de is: 

Rn-0-0 R2·· 
'"" I I 

This is then believed to change, sometimes with explosive 

violence, into a.n iso-ozon1de, which appears to be the 

stable form: 

It has been found n.ecessary to vary the con• 

centration or ozone bubbled through a solution to be 



osonized in accordance with the nature ot the compound 

being treated. A high. concentration of.ozone (14-15%}, 

facilitates .a.ddi.t1on ot. the reagent to aromatic compounds. 

tand substances wi t11- conjugated d.ouble bonds32 , whereas. 

a~ow concentration (1•6%), ls essential for the isolation 

of oerta1n aldehydes v1hioh a.re senai t1vo to oxidation. 

The concentration of the ozone maybe reduced bypassing 

the gas through.. a solution. of sodium. hyd:ro:xi(ie before 

entering the ozon1zat1on vessel. In almost every instance, 

exceasitte ozon1za.tion must be avoided, because of the 

oxidative effect of the excess ozone on the reaction 

products. When complete absorption of ozone does not 

occur,. this .t~acto:r becomes one ot· the moat d1ft1oult 

p:roblems in the reaction .. 

A number of solvents have been found useful, 

and no general rule can be stated for the proper selection 

or a solvent. Although substances which are attacked by 

ozone would seem inapplicable, this ts not tteceasarily 

the ·case,tor methyl alcohol, chloroform, and other 

liquids kno:wn. to ba sensitive to .ozone have been used. 

successfully.,. Dry, pure, ~thyl acetate, according to 

F11aher33, 1s tbe bes~ solvent for a number of alicycl1c 

and aliphatic uns1aturated. compounds. Acetic acid, 

hexane, petroleum ether, carbon tetrachlori.de, end 
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methyl and ethyl_chlor1des.have been used successfully. 

The.concentration of the. solution may ba var1ed 

widely but for most olef!ns,. dilute solutions and low 

temperatures are preferrea33• For aromatic sub.stances, 

in cases where the material is l:tquid. 1 no solvent is 

necessary. but the danger of explosion in such cases 

is greatly increased. 

The relative rates ot ozonization or different 

compounds have been studied• Compounds containing two 

conjugated double bonda·were found to add thef'irst mole 

of ozone more · rapidly than the sa.oond SO. B:rus and 

Peyreablanques54 ozonized styrene, phenylcyclohexene, 

benzene, a:cd heptyne, and found that, w1th a 9 to 10% 

concentration ot ozone, benzene added ozone extremely 

slowly, and hepty.ne moderately so, Tha other compounds 

added one m.olq of ozone _veryrap1d.ly. 

Nolle:r35 ozone.ted a number of compounds, 

plotting tho ~absorbed ozone against tho equivalents of 

ozone enter.1ng the solution. From h1s data., he drew the 

follow1ng_oonclus1ons: A double bond unaffected by the 

presence. of _other groups, s.dded ~zone e:c.tremely rapidly, 

but the rate was markedly d..ec!'ea.sed whe:p. the double bond 

was conjugated with carbon:;l. grou:ps. Three· or more 

phen:yl groups or two chlorine atoms attached to the 

double bond oe.rbona also decreased the rate of addition. 
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r,here two or three double bonds were conjugated with 

ea.oh other, one bond added osone rap1dly.wh..1.le the others 

ad.dad ·.1 t ·.only· slov1l:;. In __ the case of cis•trans 1soniers 

where the rate ot addition was decreased by- other groups, 

the t1 .. ana•isomer-. au.'1ed ozone more rapidly th.Fm the 

c1s-to:ttn136• Ozone also reacted more readily with a 

oarbon-to•oarbon double bond than with a n.it1-iogen-to-

carbon double bonct. 

c. Deccmposition of' Ozonides: -

The significance of the ozonization method 

for the proof or structure and preparative purposes 

is diminished in niany instances because of the unaat1s-

tactory deoomposition of the ozon1de. In genel'al,. the 

ozonides of the higher a.l1phatio, simple., unsaturated 

hydrocarbons are vel'y stable, like those of hydroaromat1c 

S\\bstanoee. On the other hand, the ozon.:tdes of the doubly 

unsaturated, a.11phat1o hydrocal'bons decompose readily. 

Aliphatic ozon1des containing oxygen in other parts of 

the molecule react readily, 1n almost every case, with 

ice water. or the various r1,ng systems, the ozon1d.es 

of six and seven-membered ring compounds are stable in 

compariaon with those or five-membered ring compounds. 

while the ozon1des ot very high moleoula:r weight com-

pounds, like rubber, res1n1fy when heated with water. 



Var1ous·methoda or decomposing the ozonides 

have been investigated. and. developed. Useful applications 
are : Deoompos1 t1on w1 th water, o:dda t1v& cleavage or the 

ozon1des with various cxldants, decompos1t1on with 

Nduc1ng agents, oatal7t1c hjdr<igenatton. Straus37 

decomposed various ozon14es by drawing a stream of moist 
air through the ozon1zed·solut1on and then a4d.1ngwater 

and heating. 

Oxidative cleavage of ozon1des leads to acids 
as the products ot ozon1mat1on38• SU.ch oxidants as 
obrcmic ·f101d, potassium permanganate• hydrogen peroxide, 
and nitric acid have been auccessful.17 used; alkaline 

perm~ganate and h7drogen .Peroxide are- . perhaps the most 

ueetulo Benne and BS.1139 obtained excellent ~.1elde ot 
acids by decomposing tbe osonldes w1 th 30$& hydrogen 

peroxide in an acetic acid solution. 
A useful and more appropriate method of d.e-

compos1ng ozon1des and obta.1n1ng aldebyd.es and ketones 

as the products, ts the use ot ce•rtain reducing agents, 
usually 1mmed1atelJ after the 1n1t1al ozonization. 

Various -red.uo1ns agents which have been used successfully 
ares Aluminum amalgmn en1 water; zinc dust; glacial 

acetic acid and heatJ sod.tum b1sult1teJ potassium 

terrooyan1deJ and a m1xture·ot zinc dust, silver n1tre.te, 
hydroquinone and water. The etfeot1veness ot these 



catalysts is limited by the .tact that often the ozon1des . 

mu.st be x-em.oved trom their solvents before reduction, 

and the isolation ot ·the ozonide is a delicate ·and ot'ten 

impossible ._ procedure. 
Church and_ Vvhitmo:tie41142 found thO:t" of the 

various reduction methods ror decomposing an ozoniqe, the 

use of zinc dust, water, and traces of silver nltr·ate 

(0-.001 m.ole) and hydroquinone (0.001 mole) ·was ,by far 

the best. The silver nitrate des;troyed the hydrogen 

peroxide . which 1s formed, while the hyd:roqu-il'.tone_ was 

added as an antioxidant catalyst. to retard the oxidation 

of the aldehy-des to acids. Yields as higb as 40:i of 

various aldehydes, and 65.% of certain ke'tones were 

obtained. The deoompoeitionot o·zonides in the presence 

of hydrazine was alao studied in the hope that the aldeh,de 

or ketone would immediately fonn ahydrazone as rapidly 

as it was produced', thus increasing the yield. ln every 

case, however, the hydrazine was recovered practically 

quant~tat1vely. 

The use of .. non•aqueous media such as acetic 

anhydride, propion1o anhydride, and liquid ammonia for 

the decompos1t1on of the ozon1de bas been accomplished 
, . 

but none. or these methods are promising for _the quantitative 

determination of the products, especially the aldehy-des. 



A widely accepted method of decomposition, 

which gives _ good y.ields and is leas hazardous, was 

developed by F1sche:r44 • it involves catalyt1c·· hydro-
. ' 

genat1on of the ozonide in the presence of such catalysts 

as platinu.m-chttrcoal, p~lle.dium~ 1>lat1n1c ox1de, a.net . 
Raney : nickel• Certain p:reoaut1ons which have beer,,. ._ 

found to increase the yields are: Ozonizati_on at low·. 

tempe~atures .in dilute solutions, careful avoidance of 

excess ozonization end hydrogenation_ at low tem.peratures. 
The hydrogenation usually p:roceedsvery quickly with 

evolution of heat. 'rbe resultan:t .-secondary reaction, _ 

an acid rearrangement otthe ozonide, increases with the 

temperature and was found to be the main cause fo:r low 

yields ot aldehydes and ke~ones45• The formation -of 

acids becomes negl1g1ble, howevex-, 1.f. wanning 1s pre-

vented during the hydrogenation. Decomposition is also 

facilitated by the proper selection or a solvent in 

which the ozonide can be h ydrogenated. Halogenated 

sol vents are ttelatively poor and must be rexnoved prior 

to hydrogenation, whereas glacial acetic acid and ethyl 

acetate ha.ve been successfully t;tsed.·.· __ -
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II. EXTENT OF PRESENT IN'VES'I·IOATION 

'Ihe present investigation was based upon an 

attempt to dev~lop a convenient method, resulting in 

good yields, :, ror the .synthesis of qu1no11nic and 

· cinehomeronic acids. Known methods of obtaining 

these acids, , as previously described• are inconvenient . . 

and often l"esult 1.n low yields • 

. The preparation or pyridine d1oarboxyl1c 

acids by ozone ox1dat1on of quinoline and 1soquinol1ne 

has been mentioned in the patent l1 terature, but detuila 

concerning .the ozonolysia, isole.ti.on, and character-

ization procedure are lacking .and therefore a thorough 

investigation or this promising method was undertaken • 

. The extent or our _ investigation includes 

the study of- the ozonization of quinoline, 1soqu1nol1ne, 

and 8•hydroxyquinoline in regard. toozonization con-

ditions, such as selective solvents. temperature, rate 

or addition of the first and second mole ot ozone to 

form a mono or diozonide, and the subsequent cleavage 

of the ozonides by water or by oxidative or reductive 

methods, including catalytic hydrogenation. 

Out of theoretical interest the investigation 

was extended to include the synthesis and ozon1zat1on 

of various amino, ni tro, and· tluoro substituted ·. 
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quinolines. The effect of these various electron-

donating and withdrawing gr9ups on the rate of 

ozonization, the stabi~ity_ of the r _esulting ozonide, 

and the selective attack of ozone on the nucleus of 

higher electron density were also determined. 
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EXPERIMENTAL 

I- Ozonization of 8- Hydroxyquinoline, lsoquinoline and Quinoline 

8-Hydroxyquinoline: 

00 
OH 

I so q u in o· I i n e : 

00 N 

Quinoline: 

~NV N . 

OCI 
OH 3 

90% 

45% 

()--cooH 
l_ )-cooH 

N 

()--cooH 
NJcooH 

H 0 2 2 .. Tarts 



w . 

. 

OH 

145 g. (l mole) 

145 g. (1· mole) 

l.67.l S• (l mole) 

155 S• (0.93 mole.) 

% Yield: o.95 : 93% 
l,.oo 

In a 07l1ndr1oa..l ozon1zat1on flask having 

a capacity of 1.51. and. designed·fo'l' good.dispersion of 

the oxonized oxygen, were placed 145 g. (.l.O mole) _.of· · 

8•hydroxyqu1nol1ne. and l. l. of glacial acetic acid~ 
,_, \.. . ;'·-;:·,i 

The ,flask,. ·surround.ed· lJy,a.··water bath··_maintained. -at room 

temperature,' was ass.em~led in the'.'·ozon1zat1on apparatus 

end eubje.cted to a s~ream·:ot 3~4?f~zon1zed oxygen at 
_40 1. p~r hour.-.-'. ~rins,. the. early stage a of . the ozon~ 

1za.tion, the solution turned dark brown 1n color, ands. 

· slight rise 'in tempe:ra.ture was noted... A.s ozone was 

absorbed, the solution gradually turned yellow. The . 

ozone was absorbed almost quantitatively until sligh~ly 
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less than one mole had been added; the flecond- m.ole added 

,so,mewhat 1.ess iap.t'dl.y:,.' ks shown b7 the plot of the 

t1t:rat1on.of: tb.e"aftlueJ.1t.gasea on page 48.,. The 
:ozdnization :~~fi:~~ntlnued.:~:t11 no tu:rther ozone was 

' ' . ' . . . 

abso~bed, .wbi<lh,:re_qui1res about ·90 hours. under these: 

pa;t1oular ohnd1tiona 
The, entire o.sonized solution was placed in a 

·al. tlask:ti~ted with .a condenser, a stirrer, and a 

dropping_:fµnnel. '!he flask was wa~fld on a steam bath, 

and 226 g~ (ihO .moles} .ot. 301& hydrogen_ perpxide was 

added dropw1 se • with stirring. The mixture was then 

.heated on the steam bath :tor-three hours, with stil'ring. 

Any solids present were . .fi.ltered.J the remaining solution 
' . 

was concentrated under.vacuum.to approximately 200 ml. 

and then evaporaied :to·•d:ryness 1n a large evaporat1n.g 

dish. 

'lhe resulting .Jellow so.lid material wa.s 

thoroughly. washed •• with lOO ml.- or 1ce-.cold water and. 

filtered on a fretted glass funnel. ~a procedure was 

X'epeated three times. The.three wash1ngs·were combined, 

the water remov~d by evaporation, and the'rema1~1ng 

viscous material (about 20 g.) refluxed with 40 g. 

of 30% hydrogen peroxide for three. hours.. 'lhe reault_ing 

solution was trea.ted as described above, and the 

crystalline solids adde·d to those previously obtained • 

.Atter drying at .so0 0. 1n a vacuum oven, 
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the · qu1no11n1c. e.c;id ··obteined ·decoml)osed .at . lt\B-l90°, o. · 
1nto ablaok solid (rdcotinic aoidl; whieh r,emelts >at 

.'i 

228-30° o_.. It was sufficiently pure t~r most . purposes, ·_. 
·but could be recrystallised ft-om wate:r .· if a ve~}-;'i,tlre 

I . .:,. , • ' , •. , • , \ 

p~oduct was dea1red. · . The yield was i55 . g. (93%) )t· : 

B. O~oni~a.tionof Isoguinoline47 : 

w a:~2 . Qt::· 
· • i:.,; 

145 g. (l ·mole) 167..l -_g •. (l mole) l6a.;; .g. (1 mole) 
. 20 .8• .(0.155 -moiel 11.4. S•· (9.068 mole) ·- . l,2~8' 8• ·(0.077 mole) 

.di .. Yie.l.d - 0't-."-t nolinio_.·. Acid - o.oea .. 44 o~ '° "'w..&. 0.115 .. · ., ./~': 

· o.o7't. . ., . .., 
: ----- : 49.5t6 0.155 ;,',•:. 

· A solution or .. 20.0 ·8~; • (o._155· mole) o~ 1so-
·qu1nol1ne --in : ~a'oo ml._ of. glacial·· acetic · acid w·as ozonized 

' i as prev+ouslyd.escribed. It ·a small amount of water was 
,_ 

added to the solvent, o1nohomeron1c acid (11.4 g., 44.0%}, · 
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m.p. 259-60° o,, precipitated froni solution dur1ng the 

ozon1zation. · · The solid mate1--ial was separated by fil• 
. . 

· _ tra~~on · and the filtrate ~e£luxed with 35 g. of 30% 

hydrogen pero~de for two hours. Evapor-ation to dryness 

( or continuous , ether extraction) ot the resulting solution 

yielded 12.s S• (49.5%) of phthalio acid·, mi.p. 204-206° o., 
and small amounts of c1nchomeronic acid. The yield ot 
cinohomeronic acid was lo\vered to 10% whet1: the ozonizat1.on 

time was re,I uoed to twelve hours. 

o. Ozonize.tion of Qu1nol1na: 

·~ . . ·•.· ·· (NA) 

145 g. (l mole) 

72.5 g. (0.6 mole) 

Tars 

The ozon1zation was ·conducted a.a previously 

described. -Fhe solvent was removed under vacuum and the 

resulting product was refluxed, in turn, with water; 

concentrated hydrochloric acid; glacial acetic acid; 
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sine, stannous 'ohloride, and hydrochloric acid; 30~ 

hydrogen peroxide; and concentrated n1tr1o ac1d. Tracee 

of quinolinic acid were iso.le.ted only in the last two 

cases, as well as upon low pressure catalytic hydrogenation . 

with 5% palladium on charcoal, and subsequent treatment 

with 50% hydrogen peroxide. The addition compound, upon 

steam distillation 1n a basic solution,· did not produce 

any unreacted. qu1nol1ne. Attempts to distill the compound 

under low pressures failed; the major part of the material 

formed a tar, while, to a lesser extent, quinoline and 

ozone were regenerated. The ozone was detected by the 

formation of a sodium hydroxide ozona.te"•, which results 

from the action of ozone on solid sodium hydroxide and 

liberates oxygen when placed :tn an acid solution. 

* A study or sodium hydroxide ozonates is being conducted 
1n the laboratory by Mr. Thomas Vvhaley. 
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EXPERIMENTAL 

Il.- Synthesis and Ozonization of Nitro- and Amino-

Substituted Quinolines 

6-Nitroquinoline: 

(CH3C0)20 
CH 3 C00H 

89% 

0 
II 

NH C CH 3· Glycerine 
H2S04 
As 2 0 5 

5 3 o/o 

H~{)2 ·(')-. ~OOH 
s.0% l_.J--cooH 

N 

6 - Aminoquinoline: 

CDN02 H2 CDNH2 03 . QCOOH 
Pd...:Chorcool H2 0 2 _ 

68 % 65 °lo N COOH 
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D. Preparation of p-!atr:,oacetanil1de: 

OH3000H ',: 
=>-

138.l.g. Cl m6le) 1ao.2 g. , (l ~ole) 

.276$0 g. (2 moles) 3~~g. (l.85 moles) 

% Yield = l.85 = 92~5~~ 
2.00 

. A ·3•11 te·r flask was -charged ~1th 1000 _ c~. ot 
glacial acetic ·acid an<f 600 cc. of acetic anhydride, 

and 276 g. (2.0 moles) of p•nitroa.n111ne v,aa slowly 

added, with agitation and cooling. The mixture was 

heated on a .sterunbath·tor one .and one-half hours, with 

frequent shaltlng, and was then poured into a large excess 
• I 

of' cold water. The solids . were filtered and \Vashed, 

first with: a dilute. hydrochloric acid solution, then 
' ' 

w1 th water,. . The yield of p•ni troacetanilide, m.p • 

. 214-15° 0 •, was 332 g. ( 92 .s,n • 
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E. Preparation of 6-Nitroguinoline: 

CH20HOHOHOH20H ---------~ 

180.2 g.(l mole) 

332 g. ( 1.05; _moles) 

As2o6 . t ·H2so4 

174.2 g. (l mole) 

170 g. (0.975 mole) 

-% Yield=: o.975 =: 53.0% 
1.84 

A 5-liter flask equipped with a ·stirrer, 

thermometer, and reflux condenser·was charged with 

332 g. (1.84 moles) of p-nitroacetanilide, 736 g. 

fa moles) of glycerine, and 244 g. (1.50 moles) of 

arsenic pentoxide. Then 800 g. of concentrated. sulfuric 

acid was added slowly, at such a rate that the temperature 
.,. 

did not exceed 125° o. The mixture was then heated, 

with agitation, for four hours at 130° o., cooled, ard 

diluted with 6 liters of water. The solution was heated 

with 100 g. of Norite for one hour, and the decolorized 

product obtained by filtration. This was followed by 

neutralization of the filtrate with aqueous ammonia. 

After several recrystallizations from alcohol-water, 

the yield of. 6-nitroquinoline, m.p. 149-50° o., was 

l 70 g. ( 63.0%). 
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174~2 -g. - (l moXe) 

. 8 .. 7 g. (0.05 mole) 

(7000H 

~-)000H0 

N 

167.1 g. (1··mole} 

0--.5 g, (0.003 mole) 

Yield= 0.-003 • 6 ·- O'fl 
/0 0.05 · · · e .~ 

A so;.t.ution co~ta1n1ng 8.7 g. (0.05 tn.ole) of 

6•n1 troquinoline · 1n 200 nil. ot comrnerc1al gla.ci.al 
~, - ' . ,. : .. ·: :~ :. ' . ' . . ' ·•·. ' . ' ' . 

acetic. acid .~as subje_cted foz- tortr-eight -~o,urs, at 

room temperature, toa stream of' 9-10% _ozons.tedoxygen, 

flowing at 20 liters per hour. Upon· completion of the 

run, the walls of the reaction vessel were coated with 

0.5 8• of a. white solid niaterie.l {quinolinic ·acid), 

tn.p. 189-90° o. with decolTlpos1t1on, remelting at 

.226-6° c • ., yield - s.O;'bi, The ozonated solution waa 

added ·to a solution of 50 ml. of water and 30 g. of 

30% hydrogen· peroxide• then rei-iuxeci .ro:r two hours and 

concentrated· by· evaporation. An .•'oil was · obtained, which 

was inade basic and ex·traoted wi tb. ether. ·3.5 g. of un-

reacted 6-11itroquinoline and some unidentified tarry 

material were obtained. (No n1trophthalic acid could 

be isolated.) 
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G. Preparation of' 6~1\minoguinoline: ·· 

·w· .. • .··.· ... ·.· .. ··•.·.·• ... ····.·· . . NO • . 2 

N 

H2 
- t I i>d.•charcoal · 

1'74:.2 8• (l mole) 144.2 · g. (l mole) 

112 S• (0.642 mole) 63 g, (0.437 mole) 

· df Yi.eld ·= -0.43'7 ·· = 68.0% 
to o.642 . 

A .solution or ·112 S• (0.642 mole) of 6•n1tro-
·. qu1nol1ne in 800 eo. of absolute alcohol was hydrogenated 

under a pressure ot ·two ·atmospheres, in the presence· or 
s.o g. of '2% pe.lle.d.ium-oharcoal catalyst', \\hen the 

hydrogen e.baorptio•n ceased, (81% of the theoretical° 

value_ absorbed), the ca.talyat was . fil~ered ~nd· the alcohol 

removed by distillation. The ·yield of 6-aminoquinoline, 

m~P• 116-17° o., was ~3 g. (68.0%). 
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l .. 44~2 g; (l mole) 167.l g. (1·111ole) 

4a·o g.,·· (o.·0276 mole) z.o S• ': (0.0179 jnole) 

A solution conta1n1~S 4~0; S• (o.q21e mol.e) o~. 

6-aminoquinoline tl.n .200 ceo or. -commercial g:t.ao;a.1 , aoe_tio 

acid wns sub.1ected _for torty-alght ~ou~s,. ~t room temp';ra• 

t ·~re, .. to a. stream of 9~10% ozonate4 oxy~n, .flovd.ng at 
20 liters per hour. Upon qzonizat1on, the e.olution darkened, 

'· 

of the ru..ti,. the walls ot · the reaction t"l~sk . wore OC>ated ' . ' . , .: -'. \ ., 

wi lo2 g. of 1 a so11d acid, v1h1ch~ upon racrystallizat1on 

from hot water,- melted w1th decornposition at 190.1° 'a. 
and reinel ted at 225-6° O. . ( Qu1nolinio acid.) 'lbe remain• 

1ng ozonated solution waa reflU.t"ted tor two hours with 50 coo 
ot water and. 10 g. ot 30~t hydroger1 peroxide. '.rhe rasult1ng 

solution was concentrated by .evaporation and 1.a S• or 
quinol,-n1c acid waa isolated~ 'J}otal yield was 2.0 g., 
{65.0%). 
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EXPERIMENTAL 

, m:.synthesis. and . Ozonization of Fluoro-and Amino-

Substituted Quin oli hes 

· 6-Fluoroqui nol i ne: 

Anhy HF 
. NaN02 

70 -,0 

Glycerine 
C6HsN02 
H2S04 
H3·803 .,,, 

92% 

F 

0 

6- Fluoro- 8-Aminoquinoline: 

H~Cl2 ()- COOH 
43.7%. lN)-cooH 

H2 . 
. Roney Ni,.. 

61 % 

. Fe 
CH3COOH -.. 

. ... 
62 .5% 
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I. Preparation q_~ Fluorobenzene:· 

93.l g. (l mole) 

279' B• ·(3 moles) 

96.l S• (l 1nole) 

202 S• (2.10 rnol.es) 

A chrome-steel 2•liter reaction flask was 

charged with 279 S• (3.0 n1oles) of freshJ:y •distilled 

aniline, and 1000 g. ( 60 moles) ot · afll1yd.rous hydrogen 

fluoride was slowly e.dded, vii th ·agitation, at o0 O, 

To tbfs mixture, 25005 !• ($.6 molea) or sodium nitrite 

was added, with agitf.l.tion, at euoh t\ rate that the 

temperature did not exceed 10° o. The reaction mixture 
was stirred tor an addi t1ona.1 hour a.nd was then connected 

to an lee-cooled. . copper reflux coil and allo,ved to stand 

over11ight at room temperature. 

Tlle mixture v,as then diluted with 600 g. of ice 

and steam-d1st1lled-. The insoluble oil was collected, 

washed with 55& •. so'dium carbonate solution, dried over 

calcium chloride, and fractionated. The yield or tluoro-

benzene, b.p. a4 ... 5o O. e.t .735 xmno, r,a.s 202 g, (70.0%). 
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J. Preparation of E•Hitrotluorobenzap.~; 

9Ehl g. ( 1 mole) 

245 8• (2.56 moles) 

- 10° o. 

141.l g. (l mole) 

268 g. (l.90 moles) 

A 2•l1ter flask equipped with a dropping 

funnel and a stirrer was charged. with 175 co. of .fuming 

nitric ac1d (Sp.G. -1.6) and 350 cc. of concentrated 

sulfuric acid. With vigorous agitation., 245 S• (2.56 

moles) of tluorobenzene was added dropw1se., at --10° o. 
The reaction mixture, which .became very viscous, was 

poured on ice, extracted. with ether, and fractionated. 

The yield of p-nitrofluorobenzene, b.p. 114-5° o. at 
40 mm. pressure, was 268 S• (74.5%). 
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K. Preparation of. p•Fluorosn.tlin.2,: 

.......,._._..B .... 2_·· ---..>Q. N .. i·B2 4 2 B20 
Raney nickel . • 

141.,l g. (l mole) lll.l g. (1 mole) 

229 g. (l.62 moles) 110 g. (0.~9 mole) 

% Y1e .. ld = Oo99 = 61.0% 
. lo02 

.A solution of 229 S• (l.62 moles) of 
I 

p-nitrofluorobenzene 1n 350 cc. of absolute alcohol 

was hydrogenated at low pressure 1n the presence of 

Raney nickel catalyst and a trace of ohiorople.'t,1n:tc 

acid as a promoter. Heat. was applied to in1 t1at~ the 
~. ' ) 

reaction. JJhen absorpt1on of hJdrogen cea:sed (95% of 

the tll~~retioal amoUllt ' abeo·rb~d) ,. th~ catalyst v,a's 

removed· by tiitrat:Lon and the alcohol by dt·at111·at1ori~ 

The residue was dissolved in aqueous;hydrochloric acid, 
Ii- ' . t• 

extracted \\ti th ether to remove non~baaic material, 

neutra11zed w1th. scdium hyd:roxld.e, and. again extracted 

with ether. The ether extract was dried over sodium 

sulfate, and filtered; the ether was removed by dis-

tillation., Fraot1onal d1st1llat1on of the residue gave 

llOg. (61.0%) ot p-fluoroaniline, b•P• 97-t1° o. at 

28 mm. 
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L • . Preparation of 6-Fluoroquinoline: 

111.i g •. (l mole) 

110 g. •. (0.99 molef 

. % Yield= 

_o_s_H_sN_o_2 ___ ... · ~.· •· ... ···. : F 
H2so4 ; H5Bo5 l__NA) 

147.2 g. (l mole) 

134 g. (0.91 mole) 

0.91 · = 92.o % · 
o.99 

To a 3-11.ter f'lask.<oont,a1n1ng 33..5 g. of ferrous 
sulfate, ·110 g. (0.99 mole) ·ot p-f'luoroan1l1ne . and 66.4 g. 

(0.54 mole) ot nitrobenzene, a cold solution of 55.6 g. 
(0.9 mole) of boric acid in 332 g. of glycerol was added. 
(The boric aoid !had previously been dissolved in the 
glycerol by gentle has.ting.) Then 155 ml. of 95% sultur-1c 
acid was a.clded slowly, with cooling. The contents or the 
flask were mixed, connected with a reflux: condenser, 
heated over a tree flame until the bo111~g point was 

reached, ano. ·re.fluxed. for twenty-tour hours. 
The mixture was cooled, neutralized with 565 cc. 

of 60% sodium hydroxide solution, and steam-distilled. 

The distillate was extracted w1thether; the ether was 
dried and removed by d1st1llat1on, and the residue was 

fractionated. Tl'le yield of 6-fluo:roqu1nol1ne, b.p. 126-6 ° o • . 
at a pressure of 30 mm., was 134 g. (92.0%) 
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. . . 

M.. 0zon1zati.on of 6-Fluoroguirioline: 

OCOOH_· 

COOH 
M 

147.2 g. · (l mole) 

15 g. _ ( 0.102 mole) 

' 167.l g. (1 mole) 

2.5 g. ·(o.Ol50 mole) 

di.. Yield = , 0 •016 = 14.'1% 10 . . ., 0.102 

A solution conta1n1ngl5 g. (0.102 mole) of 

6-!'luoroqu1nol1ne 1n 200 co• or commercial 0 glacial acetic · 
. . 

ac1dwas aubjected 'for forty.;..e1ght hours, 'at room temperature, 

to ·a stream of 9•10% ozonated oxygen flowing at 20 ''liters 

pe~ hour. Upon completion of the ·run, the walls ot the : 

reaction flask were coated w1th ·2.5 g. of a ·11gh.tyellow 

solid, which, upon reccystall1zation·rrom ·hot water, 

malted with decomposition at 190-1° ·0. alld reraelted at 

225-6° c. (Qu.1nolinic acid.) The y1eld was 14.7%. 

The ozonated solution was refluxed for .two hours with 

50 cc~ or wate:r and 20 g. ot 30%hydrogen ·peroxide. The 

resultingsolutionwas concentrated by ,evaporat1on and 

made alkaline. Ether extraction yielded 6.5 g. ·or~ 

unreacted 6-£luoroqu1nol1ne. An unidentified tarry 

material was also obtained. 
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· N.- Preparation of .6-Fluoro-8-J.!itroguinoline: 

(Y'l.F 
l._NAJ 'Fttming 

HNO~ 

147.2 -• (l mole) 
150 ' S• (l..02 moles) 

192.2 g. · (1 mole) 

40 g~ (0~280 mole) 
. 

'fh Yield= o.2ao = 20~4% 
1.02 

A 2-liter flask was charged ·with .660 ml. of 

. fuming n1trio acid (Sp.G. lef)} . am. 150 8•· (1.02 moles) 

of 6-tluoroquinoline, and the mixture refluxed for eighty 
hours. It was then poured on ice and· treated ,,1th 

aqueous ammonia until just neutral to litmus. The 
yellow floccuient precipitate produoed "was filtered · to 
yield 80 g. of crude product, which was repeatedly re-

. •. . . . ' . . 

crystallized from .95%alcohol to Jleld ,40 g, ot 
, ' 6-tluoro-8-nitroqu1nol1ne, m~p. 117-8° o. Approximately 

40 g. ot unreacted 6-fluoroquinoline was recovered. Toe 
yield was 20.4%, based on 'the starting mater1alJ s'i._.4%, 
based on that which reacted. 
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o. Preparat:ton .. o:f' • 6-Fluopo-8-A:minqq1u,;:>.oline; 

192.2 g. (l mole) 

38 g. (0.-197 mole) 

162.2 .. g. (l• mole) 

_20. g. ( OJ.23 mole) 

% Yield ,= 0.123 • 62.5% . 
. 0.197 

In a 3-l1ter flask. 38 g. {0.197 mole) .of 
6-:f'luoro--8n1troqu1noline was d1e::1olved :1.n 1000 ml. ,of 

50% aqu~ous acetic acid- and 61 g. of finely divided 

powdered iron was slowly added, with vigo:rous agitation, 
over a period of two hours. The m1Xt'U?'e .was warmed on 

a steam bath during the addition ot the iron powder and 
was then heated f'or two add+tionalhours. The entire 
mixture was made strongly basic ,,1th sodi~ hydroxide 

and was ·ateam-distilled-. A_wh1te flocoulent solid 

prec1p1tate!S, f'rom the-distillate upon cooling • . The yield 

or 6-fluoro-8-aminoquinolin,e, .m •P. so-1° O., was 20 g • . 

(62.670 • . 
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P. Ozonization. of 6•Fluoro.:s;Aminog;uin.ol1ne: 

. 
162.2 g. (l ~ole) 

4a0 g. (0.0247 mole) 

167 ol g. (l mole) 

1.a g. (0.0108 mole) 

"' 

% Yield =a .,_O.Ol0f3_ = 43.77b 
0.0247 

.A solution conte.ining 4.0 g. · (0.0247 mole) 

of 6•fluoro-8-am1noqu1noiine 1n 200 co. of commercial 

glacial acetic aci~ was su.1:>jected torforty•eight hours, 

at room temperature, ,to a stream of 9-10~ ozonated oxygen 

flowing at 20 liters per hour. Upon ozonization, the 

solution darkened, but gradually turned. a light yellow 

color at the encl or the run. No solid material pre• · 

c1p5.ta.ted during the ozonizat1on.· 'J:he solvent was 

partially removed under vacuum, and the remaining solution 

was refluxed tor two hours with 10 g. ot 30% hydrogen 

peroxide. Concentration by evaporation yielded 1.a g~ 
" ,, 

(43.7%) of a solid acid, which, after recrystallization 

from hot water, melted with decompoa1tion at 190-1° o. 
and remelted e.t 225-6° Co 
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IV. THE OZONATOR 

The ozonator (Fig. I) used 1n this inveati.ge.tion 

was purcllaaed from OZONE PROCESSES, INO., Philadelphia, 

Pa. The.Ozonator, type T-12, was designed for operation 

on a 115-volt, 60-cycle A. o. circuit. The transformer 

within the steel shell possesses e. voltage ratio, 

primary to secondary, of l:130, with a. maximum secondary 

voltage of approximately 16.,000 volts. To compensate tor 
fluctuations in the line voltage, a variable voltage 

transformer has been incorporated into the primary circuit. 

'I1he output voltage ft"om the t11anatormer is recorded on 

a panel voltmeter. The ozonator is so constructed that 

the voltage aa indicated on th.e voltmeter should. never 

be set above 120 vo'ita when operating on air, a.rid 110 

volts v1hen operati.ng on oxyge,n. A safety pressure switch 

in series viith the ozonator•s primary circuit opens the 

circuit when the pressure inside the ozonator tank falls 

be low 3 pounds per square inch (gauge) • 

Whenever the ozonator is in operation, a flow 

of water should be maintained through the cooling jacket. 

The ground terminal on the ozonator panel must be 

connected to a solid oleot:rioal ground. The oxygen 

pressure should be maintained at 8 pounds per square 

inch by means ot a suitable reducing valve preceding 

the ozone.tor. 
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The oxygen inlet valve is left open and the 

gas flow regulated by throttling ,_the ozone outlet valve• 

The flow is read directly from the rotometer on the panel 

board. The rotometer has been calibrated at 8 pounds 

per squ,are inch pressure, and reads .in cubic feet per 

minute. The ozonator also possesses an oxygen and an 

ozone sampling valve, through which oxygen~nd ozone 

may be bled during various stages of' the run to determine 

ozone concentration, moisture content, etc. 

A. Purification Train 

Before the oxygen was ozonized, it was passed 

through a purification train (Fig. II) in order to remove 

all traces of moisture and impurities. The oxygen was 

supplied to the system from a cylinder (A), via a high 

pressure reducing valve (B). Connected to the high 

pressure reducing valve were three drying towers in 

series, two containing anhydrous calcium ·chloride (C, D), 

e.nd the third, anhydrous magnesium perchlorate (E). 

The oxygen passed from the ·purification train 

into the ozo·nator, where the pressure and the desired 

flow were adjusted and recorded on the ozonator's low 

pressure rotometer. Rubber tubing was first used for 

connections in the purification train, but the ozone 

eventually attacked the rubber, and tygon tubing was 

found to be most deslrable. A rapid stream of oxygen 

was passed through the purifiication train for thirty 
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minutes before initial use in Ord.er to blow out all the 

dust particles and to teat for leaks. 

B. 9zone Absorption Assembly 

The ozone produced by the ozo11ator (Fig. III} 

was passed throt1{$fl a dry ice trap (G), and then led to 

the reaction vessel (H) * which w~1s surrounded by a cooling 

bath, Connected to the res.ction vessel ,vas a. condensing 

tube au1 .. rounded. by noetone a.nd dry ice (I),. to trap any 

volatile compounds or solvent esca,ping from the reaction 

vcasol. A thhtd -flask was connected in this series to 
) 

absorb and n1a.lce possible a determination or the a.mount 

01' unreacted ozone which left the reaction fla.sk (J). 

All parts carrying ozone.were connected either by ground 

glass jo111ts or .. tygon tubing. An ozone-d.estroying unit 

consisting of two 30-inoh towers filled with 20% aqueous 

sodi1:un hydroxide was connected in se:rles (K, L). The 

oxygen leaving the system. was then passed through a KI 

solution (M) as a final indication of complete ozone 

decomposition. 

Ozone is a powerful irritant, and the maximum 

working oonce11trat1on is 0.15 to 1.0 parts per million 

or air. It was there.fore necessary to destroy any exoess 

ozone and to ventilate the room thoroughly. The entire 

ozone absor11tion ass,ambly and the ozone destroying unit 

were placed 1n an efficient hood. 
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c. ;Adjusting Ozone Ooncent:ratione 

The concentration of ozone in air or oxygen 

can be increased or decreased by increasing or decreasing 

. the voltage between the operating limits of about 70 volts 

to 110 volts when using oxygen, ar.rl 70 to 120 volts when 

using air in the ozonato:r. The concentra.t1on can be 

further varied by decreasing or increasing the gas flow 

through. the ozonator, va.ry1ng the temperature of the 

cooling.water, the gas pressure, or the dew point or the 

gas. 

The ma.xaum concentration obtainable depends 

upon the cooling water temperature to a large extent, 

with higher concentrations possible at lower cooling 
\ 

water temperatures. Air dryness end equilibrium conditions 

inside the ozonator are also ot particular importance. 

For instance, if the glass tube inside the ozonator is 

exposed to atmospheric or improperly dried air and 

subsequently operated w1 th dry oxygen, 1 t will take 

36-48 hours to bring the ozonator to ei:1uil1brium conditions 

and maximum output~ 

For these reasons, it is desirable to keep 1 

all conditions as constant as possible. In general, 

it is not possible to calibrate the concentration or 

output against voltage, even if the above cond1 tiona are 

held seemingly constant, since other uncontrollable 

conditions ,vill cause variation. Thus, ozone concentrations 
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are usually measured by bleeding off a small amount of 

ozone during the time ozone passes into the material to 

be ti:-e a ted 

D. l'iiee.suring · Ozone Concentration 

The ozone con~entration is measured by sweeping 

out ·the apparatus for five minutes with ozone, which is 

led .to the ozone destroyer!:, Ozone is then led into the 

reaction vessel containing a 5% solution of potassium 

iodide. The time and floWJJ1ete:r readings are recorded and 

the resulting solution acidified With 10% sulfuric acid. 

The free iodine which is liberated by the: ozone is 

titrated with a standardized 0.2 N sodium thiosU.lfate 

solution with starch as the indicator. 

Such determinations may be made at different volte.gas and 

rates or tlov,,, and the data summarized and plotted to 

give approxima.te . time and flow relationships for any 

concentration or ozone desired. 

\Vhen ail' is the source of oxygen, the exit gases 

front the ozonator contain lower percentages of ozone than 

when pure oxygen is used. '!•he gases also contain small 
' amounts of n1tr1c~anhydride or nitrogen pentoxide, depending 
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on the voltage used. A decrease in the rate or flow 

increase& the amount or nitroge.n pentoxide, but such 

a.mounts a.re :relatively low 'and need only be considered 

when.examining a reaction mixture fol' small .amounts ot 

by;..products, or when the presetiee of such oxides causes 

a catalyticef'tect on ·the oxidation of the organic 

compounds in the reaction. 

Ozone concentration determinations on the T-12 
ozone.tor used in this work v,ere made at a voltage of 110 

volts, the maximum voltage specified for the ... uee of' oxygen, 

and with varying rates of flow (July, 194'1) ( See Table I) 

TIME . 
(seconds) 

60 

60 

60 

60 

ROTOMETER FLOW Na2Sa03 . . OZOI~E OZONE 
READI:NO (lit

1

ers/hr~) (tT.°2380 N) ( g .. /hr} {volume %) 
(0 .F.rvi.) 

o.oo 

0.04 

C o.oa 

18 

33.5 

67 

134 

7.6 

8.9 

10.2 

12.0 

ml 2.6 9 .• 8% 

ml z.o 6.2% 

ml 3.5 3,2% 

ml 4.1 1.9% 

The pressure and cooling water temperatures were maintained 

constant a,t 8 p.s.1. and 16° c. respectively, and the 

ozonator wae operated. tor 48 hours to obtain equilibrium 

conditions. The ozone concentrations were determined 

again in May, 1949, at low f'lov, rates. (See plot on 

following.page.) A considerable decrease in the ozone 
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concentration was noted (9-10% to 4•57l) under similar 

operating cond1 tions. 

The maximum ozone output , des1gnated by OZONE 

PROCESSES, INO. 1s 20 mg. _per liter or 4 g. per hour at 

a flow rate of 200 liters ·per hour. This is awe1gb.t 

percentage ot l,3% ozone • . . The lrtaximum concentration for 

practical working condi_tions is about 60 mg. per liter 

· or l.O g. per hour at a tlo\v rate of 117 liters per hour. 

· __ This corresponds to a weight concentration ot 4.0%.-

, Higher concentrations can .be obtained, as shown above, · 

under optimum conditions. c, 
, ' ' : ·., 
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V • DISCUSSION OF Rl~SULTS 

gzonize.tion o.fQ,uinoli~e: 

Concentrat1ons of qu1nol1ne varying up to . 

20% ·were subjected to a ~tream of (5-10%) . ozonated . 

oxygen at tlow rates from 20 to BO .liters pe~ hour, 

Dry ethyl acetate or .glacial acetic acid were used 

as the solvent with.comparable success. · By systematic 

titration of the effluent gases 1.t was found that at 
. . . 

low ·tlow rates one mole 0£ ozone was readily fixed, 

whereupon further addition ot ozone to f'orm a d1• 

ozonide waa considerably slower. The curve obtained 

by plotting time va. ozone concentration flattens 

when ozone is no longer absorbed by the reacting 

solution. 

In all cases the ozonide formed was un-

usually stable, resisting decomposition, even under 

drastic oond1t1one, by :reagents commonly employed 

tor decomposing ozonides. such as water, steam, 

concentrated sodium h ydroxide solutions, concentrated 

hydrochloric ·acid, glacial acetic acid and zinc, 

stannous chloride and hydrochloric acid, 30% hydrogen 

peroxide, and concentrated nitric acid. Traces or 
quinolinic. ac1d were isolated only 1n the last two 

cases, ns well as upon low pressure ca.te.lyt1c 
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hydrogenation .with 5% palladium. on charcoal and 

·subsequent treatment with 30% hydrogen peroxide. 

The addition compound, upon stea.m d1stfllat1on in 

a ~as1c so~ution, did not produce. any unreacted 
qu1noline • . Attempts to distill the compound under 

low pressures tailed, the preponderance of the 

material forming a tar, wb1.le, to a lesser extent, 

· quinol1ne and _ ozone v,ere regenerated. 'l'he ozone · 

was detected by the formation of a sodium hydroxide 

ozonate, which results from the action of ozone on 

solid sodiun1 hydroxide and which liberates oxygen 

·when placed in an acid solution. 

'remperature effects upon the ozon1zat1on 

of qu1nol1ne were not critical, and successful ozon-

1zat1ona were conducted between o0 and 70° c. Most 

_ of the ozonization reactions involving quinoline 

were conducted at room temperature, due to convenience. 

One may postulate that the ozone should 

attnckthe benzene nucleus1 as the ring nitrogen 1s 

capable of exh1b1t1ng a _-T effect, decreasing the 

electron density of the pyridine ring and thus, in 

comparison, increasing the electron density in the 

benzene ring • . Likewise, during acid oxidation of 

quinoline, this -T effect is strong and quinol1nic 
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acid is the main product. However, lack of desired 

product and _incomplete identification of the ozonide 

-results in failure to substantiate any postulation. 

Oz6nization of 8-Hydrogguinoline,;_ 

so·1ut1ons consisting of 8-hydroxyquinoline 

in ethyl acetate and glacial acetic acid were ozonized 

under various conditions. Glacial acetic acid appeared 

to give the best results and; in gene·rali was the _most 
. . 

. . . 

suitable. The ozonization proceeded nicely .at room 

~einperature, but a cooling bath was needed when large 

quantities (1.) mole) of 8•hJdroxyqu1nol1ne was ozonized 

at .. one time, . due to heat evolved by partial decomposition 

of .the ozonide in solution, resulting from traces of 

· water. Yields of quinolinic . acid as high as 30-40% 

were obtained: from the reaction solution. by such de-

· composition. 

Ozone .concentrations of . lo% were most effective 

but suitable ·ozonizations were conducted ;using as low 

as ''2-3% ozone, by extending the ozon:tzation time. 
: ' . ' _· . 

The -ozonizati.on reaction and the end point ~an readily 

be followed by systematic titration of the effluent 

g_ases. Ozone is added quantitatively during the .. ·(P-48) 

· reao.tion of, a large .part of .. ~he _fi_rst d.ouble bond, 
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but .then the ·reo.ot:1.on re.ta dacreases , and t he remain.;.. 

ing additi.on 1s slow ancl not quantitative. 

Ozone oxidation of 8-bydroxyquinoline 

,conaietently gave 90-95% yields of qu1nol1n1c aoid. 

'lihe ozoriide, in contrast to that of quinoline., •ias · 

very reactive and could be ¢leaved by both hydrogen 

peroxide and water. Because +t gave a. cleaner, 

facile reaction, hyd:rogep. peroxide · in ac1d solution 

was co11s1stently used in prefer~noe 'to hot t,ater. 

Decompos1 tion., in ._ every case, 001.,ld be accompl1 .shed 

nie:r•ely by treatment with hot water .• but the reaction 

was slower,w1th yields of approximately 70%. 
. . . 

'!he ef.feot of -the strong electron-donating 

hydroxyl group on the. benz~ne nucleus and the --T 

e.ffeot· e,mibi ted by .the .ring nitrogen undoubtedly 

places a high:· electron dena~t.y on thEh .benzerie nucleus. 

Thus; the ozon1zat1on proceeded pe,a.dily, :.w:1. th attflck 

on the benzene nucleus, until the first double bond 

had reacted.. •rhen a slight hindering effect could 

be observed by the .hydroxyl group, as ozone adds 

less readily to a carbon-carbon double t?ond which 

possess other substituents then an unsubstituted 

carbon-carbon double bond. However, tho p1~esenoe of 

the hydroxyl group resulted in a very desirable · 

decrease in the stability ot the resulting ozonide, 
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to a point where ·the ozonide could be readily de• 

composed by either hydrogen. perox1de·or water to 

give good yields of quinolinio ·acid. 

Ozonize.tion ot rao!3tulnolin~ i 

Ozone added relat1vel7 slowly toisoqu1nol1ne, 

forming diozonides. The diozonide .formed by the attack 

of ozone on the benzene nucleus was reactive in com~ 

parison with t:ne·unaub~tituted qu1nol1ne d1ozon1de, 

decoxnpos1ng: directly, in solution, to yield cinch-

omeronic acid, 1f small amounts of ·water were present. 

Treatment of the remaining ozonated solution with 

30% hydrogen peroxide yielded phthalic acid and small 

amounts or C1nohomeronic acid, indicating that, 1n 

marked contrast to its action on qu1nol1ne, ozone 

attacked both the benzene and pyridine rings. 

The ease of decomposition of the 1soqu1nol1ne 

diozonide in which the ozone has attacked the bemaene 

nucleus is difficult to explain, in comparison to the 

stability of the quinoline diozonide or the ozon1de 

resulting from the attack ot ozone on the . pyridine 

nucleus of isoquinoline. However, the carbon-carbon 

double bond. 1s known to react with ozone more readily 

than the carbon-nitrogen double bond, and the ring 
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nitrogen is capable of exhibiting a _;,T effect, which 

tends, in comparison, to increase the electron density 

of the benzene. nucleus., ma.king ozone a.ttackmost 

likely pn tlie benzene nucleus (A). The possibility 

((J°3. 
' . ·, 03 

03 .. -w.·.· .. ··.·.· · .. • ... •.,.·.·· ... .. ··· .. ·· .. . . . I . 
. N~ n 

A Q 

of the formation of a. diozonide on the pyridine 

nucleus (B) is therefore not as likely as a mono ... 

ozonide (C·) , ·_which wquld also be more stable than 

the diozonide and possib~y would not decomi:,oae in 

solution by •mere Y.t;>ritaot wi.th wa.ter.l . As ·45. and 50% 

yieldaof,quinoline and phthalio aoids,i respectively, 

have been obtained, it appears that the .--T effect 

of the nitrogen is small and that the. electron 

density on the two rings is comparable,, resulting 

in equal initial attack or · ozone on both rings .• 

Conditions .investigated indicated that 

ozonization at iaoquinoline in acetic acid containing 

small amounts of water,.at room temperature, using 

high ozone concentrations (10%), yields the best 

results and is .the easiest means of aeparation,,since 
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cinohomeron1c acid precipitates from the reacting 

solution • . P.dditional cinchomeron1c acid e.nd phthalic 
. • . 

acid are obtair1ed. by treating the reaction 'solution 

with hydrogen pe:voxide. 

Ozon.ization of Other Q.uinoline Derivatives:, 

Qu1nol1ne derivatives bearing one or more 

subet1tuents 1n the benzene ring added ozone less 

readily than qu1nol.1ne 1 tself, particularly if the 

substi tuent~ were electron-withdrawing in na.ture • 

. All gave qu1nol1nic acid as the only identifiable 

product, 1n poor yield it the substituents were 

electron-withdrawing, in good yield if they were 

elec tx-on-releas1ng.· 6-nmirto-, 6-.fluoro•8-amino- • 

6•fluoro-, and 6-n1tro-qu1noline yielded 65,_44, 

16, and 61( qu1nol1n1~ acid, respect_ively. · Tarry 

oxidation products wette also formed, and, in the 

last two cases, almost be.lf' of the qu1nolines v1ere 

recovered unchanged. 

The :f'act that quino;I.in1c acid was the only 

identifiable product in the ozon1zat1o.n or 6-ni tro-

qu1no11ne wa:s quite unexpected. One would anticipate 

obtaining some nitrophthal~o acid, as the strong 

eleotron-witbdrnwing nitro group should counteract· 
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the --..T effect of the ring nitrogen, thus increasing 

the electron.density of the_pyr1d1ne ring, or at 

lea.at equalizing the two rings. However, all_ ot 
these results substantiate the observation that the 

pyridine ring in quinoline •is much more resistant 

to ox1da.t1on than the benzene ring. 

VI. SUGGF.;S~l'IONS FOR F,UTURE \VORK 

A. Co1n1:1letion of Work Started: 

Proposed suggestions tor extension or 
work already started.are aa follows: 

Ozoni za. tion or Ao:r1dine: -J:he _contin;ued, study or the 

ozonizatiori of acridine and :I.ta substituted derivatives. 

Acridine possesses :four double.bonds oapable 

of being ·ozonated, and there.fore presents an interesting 

problem 1n the production and isolation of a.cridinic 

acid and pyr1d1ne-tetracarboxyl1o acid or pyridine• 

trioarbox:,13,..c acid, the former being prepared by the 

controlled ozonize.tion of substituted acridines and 

the latte:r by the complete ozonization ot aor1dine. 

Preliminary unc':)ntrolled experiments in this field 

have_yielded small amounts of acr1din1c acid; while 

the more promising ozon.1ze.t1on of substituted acridines 

has not been 1nvest1gat:ed. 
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.!a;eor Phase ,Ozonization; The stwiy of the :feasibility 

of vapor phase ozonizations or volatile .olefines: 

Vapor phase ozonizations show promise due 

to their elitnina.tion o:r selecting suitable solvents, 

working at low tempex-atures, 1e,o.lat1on and handling 

of explosive otonides, and also because of their 

possible oommerc1a.l application to a continuous 

process .. 

It has been found th$t ozone (5%) is not 

decomposed by passing it througb :pyx1ex glass equip• 

niant at ter.i;pepaturea· as· high as· 150° c., pr by 

bubbling it througll .water. However, ozone passed 

into the vapors of 2-methyl-l-butene or.2-methyl• 

1-pentene, under .reflux, completely r..,acted. By 

extracting the solution with water and treating the 

aqueous e:xtract 1\'ith dilute hydrogen peroxide, the 

presence of buts.none and pentanone-2 .were qualitatively 

established.by the formation of their corresponding 

2.,4-dinitrophenylhydrazones. It thus appears that 

volatile olefins r.1ay be ozonated in their vapor state. 

However, good yield.s1 isolation of desired products, 

and e.ffect1Ve vapor phase equipment, along with 

investigations on ozone equilibrium and extent of 

ozone decomposition in the presence ot organic vapors 

are important problems to be investigated. 
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Ozon1zat1on of Substituted Quinolines: 

The· prepax-ation of substituted· qu:tnolinic. 

acids might readily be accomplished by the .ozone 

oxidation or qui11011ne with substituents 1n both 

the benzene and py:rid1na nucleus. An example would 

be the preparation of 6-fluoroquinolinic a.old .. by 

the ozone oxidation or 2•fluoro-8-hydroxyql11no11ne. 

Stud~r of' the Effect of Mo1.stt\'t'e on· Ozone• OXidations: 
. ......... . . . "' . . " 

It has been observed. by this 1nveat:J.gator 

and others t.hB.t .the prese.nee . of small amounts of 

•Water has varying e.ffecta upon ozon1zat1on rates. 

In S.c>rne instances, the~ rnte or reactlon is oon-

sldera.bly decreased, and. in others, the ozon1de is 

partially decomposed;· directl:1· y1el<:U.ng various 

'o:t:tdat1on· products. Such solvents as acetic acid 

and e~hyl acetiite, which are miscible with water, 

show this phen9menon and w?uld be the moat desirable 

tor future' study., 

pzonization.of AcetrleneDerivat:tves: 

Limited research has been done on the 

ozonization of acetylene derivatives. Ozone attacks 

the triple bond to form an ozonide, which, \then .cleaved, 
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yields diketonas. ~-keto a.ldehydes, or the corres-

ponding c:f--keto acids. 

Thia appears to be a valuable and unexploited 

method of' obtaining ~-diketone compounds. 

VII. SUMMARY 

Qu1nolln1c acid v1aa prepared 1n 90-951,. 

yields by the ozone oxidation of 8-hydroxyquinoline 

and the subsequent cleavage of the resulting diozonide. 

with hydrogen peroxide, while c1nchomeron1o acid was 

prepared in 45% yields by similar treatment of iso-

quinoline. Quinoline produced a ,stable ozonide which 

was resistant to oxidative and reductive cleavage, 

yielding only tares. 

A study was made of the effect of various 

substituents on the ozone o~1dat1on of substituted 

quinolines. Quinoline derivatives bearing one or 

more substituents in the benzene ring added ozone less 



·-61-

rapidly than quinoline itself, particular;y 1fthe 

subst1tuents were electron-withdrawing in nature. 

All gave quinolinic acid as the only 1dent1f1ab1e 

product, in poo.r yield if the subst1 tuents were 

electron-withdra\ving, 1n good yield if they were 

electron-releasing. 

The to;lowing compounds were prepared and 

ozonated in 6,15, 65, . and 44% .ylelds, respectively: 

5,;.n1 troquinoline, 6-fluoroquinoline ., 6-aminoquinoline, 

and- 6-tluoro-8-am1noqu1nol1ne. 
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or .· chem1,ia1 i age:ntif •in. · th;t tree.t1nen..1t· or· iritecticus · 
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;·,.therapy~ he·· emphasized', the impor.t~nce.··~t. ·~.tteinpt1:ng . · 
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The, .. ·•ri~st.•·•:chemothe.rape\1~1~-· . agent.~'.,, wel'e, ::\ ·•· . : . 
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.9f > ax-sphe_namipe, .. ,··, ''.: ~s/,6Q6th .• o~pound·, devo_lope~ -~s .· 
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a. dy~: m61~cui&./ .. It VISS~~ped 'ih;t·thiS Com;oun~•····.·• .• 
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0 . .. •. ' .. · . ' . "" ' . . . • C :' . • .· . • .. ' , ~· , , • . •, , •~ . ·; • 

.. Ji •_, 

.•· 1n the resoX>Ofnof~()leC1'11e~L!:b-1ri,~ic1cl.a.l{va1u~ ot .... 

. t~e··••·o~f ound·•·.c~u•~ •·.··•be·•· ;nh~n;~:·'.· .. /Furt~e~•,··••·:he•·ge+- • •.. · • icida\~ap~~f.'~~t~r::s~~·•\~frfi~;\ttpei~~/ifei;;~~;;; 
: with· th~- number ·or carbon atoms in · the : alkyl side '· 
•·. Chain •. < A maxim~: \,¼J '~t~~i~eii' fat ~·r~?~JJ/h;h"ce •. ' 
. the .use ·or hexylresorcinoi ,. ; ,· ·• 



: next ',:J:t.Wt~oa~t: ad-v:~n.o·e·: 111:·::this. :tieµ!:. 
".:, . -· .· ..... ,:.: . . ,- :'•·- .<· ·•.'.<. :.: .:,.··· '. .: ··· -':< · .. :: i.\, ·)•2 ::c:- ·:.:'<,. .·· .·• ·:· ·:·.L.<·./'·: · . .- ·· · ::. ·. ·: 

•!•waa in· 1955, . wllen) .G~rhal'd J)oW1.gkts ill'ltt19,~t.al ·paper,:'..:: 

aJ)peare~ in a aerln~ oUniottl joUl'~;l~ Ngal'd~ng the 
< . ,. ' f:-.:;,· .:·. :: ;~\,: ,,.·, ·•:-.:::·_· .. ~-,, •·"' ;·, .: :· ·'..,:'·.' •;:.~ ( '.,,.;( ,· ·• :, ',, 

.. _-:~ae•.•·• o~·•ce:rta1n. .. •ulfona.te~ .· dyes·· ln · .the i_.tr~atrri~~tJ.§t{:i'..•·• .. 
,: at~6pt;~()OO;/ .l~i!1~~~~;·. ;•···• .... ~J 1'<>~ ·cl~af ~h~•.:~~J ;(\··••· ·•·• · 
· :~;ontosil~-arid.:;::~e:tlpforit,osif :.,vere'.'.b;oiten:_::«o~rl/1ff:iti.4;' ... !·· :·~·; 

• •• ,-. -· / ' .,. , --1 , . ; •: - ~ - · ' _: __ •-:>- ; \/ •~·-.,· · . · • . I 

(:bodi, ·' ana:: .-'~~t)~e·t~d- '1n. :·.th~ :· .,u.~ihe. '._par.t1a1iy•/as <·suit~~ ... 
,c: ., . ,. ·· ... , ; · .. · .. .. ·: .•.. ·• ::·, .. •· >· ... · :- ·•.··. ·,',: '.; \ .'<i)/ '/ : . /.·. ·•··•·· ·'>··· .. ;· .. ·'1 ···.· .. ·.··· . .. •·. · .. ,, ··.< .... ....... ...... · .. ···· ··, .. · 

n1lam1de • . ·. _!h1& /.aUbstanc·e.· thus ma.de: its,. advent ·1nto :: _: 

,·m~d,1 .c1ri.~f .·.·•·.·· •· B.llf tfix.i;1am14~? ( :f~~i;}C. J~mP;f Jf ;J,f i\.··••;•• ;• 
' no~-tox1c . 'organic coritp,ound, '. )1eralded: n~w . >~l'a ' · s:n ':' - ··., 

. the trea tni13nt .: 6f 1~ect~~J/d1sease8 ~· .: : llliPid.li th~:: 
·.:<fc,llo,,ed·.• •1;he:; .aYntli~se~: .. ':Jr ',•.·~;ousa.nda?:ot•./·S\ll:te.~:tiEhn:la.e·'" <: 
. ::~eri~a t1~es r El~i ~~hi';,~ -.~11;~ !;~f,ibi;~1::·Ut1a$&·· au~h 

importin.tent1~1nte~:t1ye '.:d~gs ati}ilulfathia.zoie}',:,:·. 
/ 1-.·, ,; _ · -. · :·.:-·: : · :/ • •• ... ·.c't··- : :-.,~: ~.:< <; :_~ .. ·;. ·_.-· .. .:.r>.·1·· .. · :·_: -· ; ... ,:, .. -: : .. ;._· .. .. ,· 

au1t•a1neroi1n~••,i··and'.••.8tiltapbth~lid1he·~·· . 
-,, ,· . ,_ :··,, ,···' ' -:· . ' .. .. ,, ' , · ' •. · . • - : .·::. ; • .· •.• ··,1 ' 

,· Artother,.itnp,ort~t ;~ia~~~n~~ \in .·:the.· f1eid :··ot .:·• 
•• '• . k • • • . • • ,;•t~:., .·• •,, -~ ; r., , .. , '--:-<;•••: _• .-~i~.- ! ", +• •,~- . , ..' 

>·•chemoth.era_py ;~as :·tha'~.d.'t~v~i:: pnierit,i'of:- synthet:tc··:intl--, \ . 
ma18r1aJ::ci~~~~ ·. 

0N:\~iii~:titiJ!~t~~Oe, waa:i~tld,;• ·. frolll 
.... ' ,, ' ~· ' 

·~h;s· .. appro~c11. :unt1l 1986~·.!·''h~n.:Schuleme.rtn·•• ·and.-o·o-~6rkers 
' .·. -·Jr•: :-,;:}:,.• f 'r ·.·· ... }' .. u . t,/: : ,,, .< / -> • -:'.. >: . :·····> · .. 

' began· the_ir rn.odifioation -'ot 'the:,;methylene blue molecule, _ 

· .. • 't¼nd · ~;e~tuaJ.{r,'· stic ctied~~: in ;~pli.ring Pla;iimoq,JJlei:, / An •... 
. -. . . . ·. •· .... '.: · •··< ·> ' r ;._ ;,, _: ' _;f _; •• , , . ". ' , ,: ; , ·· ' . . ' . '\, r; / ,:\/{·.: {,, ;x; . 
·extension :ot . these stUdlea '.··led ·to ·the' developmon·~ of · 

<. Ata~;ine4 .i~ _.::'i93b.· .· · · 
' .. ' . ,: . . ',_·; ': -, ,.';,~ ,,; t 'i 

. . ·, \.: /: ·· With. ·the establfshrnent· in 1941 or a ·research · 

_prdsr~~ und~; the a_uspic~s of . the Committee . on · Medical ' 



\ ·Research' ot . the •Office · of''.Scle'n.t.t£1~; Research· .and\ ;·· 

'°e~e}o~xn~~t,: .• k"if ~t+ if1.~ ••.••• i~k~o~.ch;to;, ~he ..• $Jnt;;1 ~··., 

... s.cl"e!~e~\fo:° ,antlin·alf ia1 .. ·.8.c·~i\'itf ·•ry/Bri.tis\·tt (•;••····.·. 
, 1nv~ sti,gatO;; •15 / Ot. i ~h~se · .. · c~ound; ·.~tuii~:~w 

•i ~:.'-__·/ · • , :.t_' ': least·•itw~.\be.ve ·•,··est'!l~;i•.~he·d. ... a(place .. 1~ ·· .. ··therapJ;· ... ··. 
: ::f h~i'ial'e rih10l'oqtd.ll6 and ,P~ludl'ine.-. · ....... • 
> .... ,, •, '••-,:,' ' .. · • ·., • • ·_ C , -•-, • ' • • ·_. -:- • : _- .· ," ! ' . •' •: :"• . -,-~-- :•.' 

1 i · :- · • 

·.;' ·. 2. Pevelopttte~t ··_or· Mt!b1pt1csf :Bacterf~· ,:- :·• . 
• ' ·( .:'-'~:<· . ::~" "\ ' . " ', ' 

'• ()).()~s ts hav~ i-ea~gnit•t\ :'t,Ol' tr•jef¼r s.· f ~i' f "¢ro; .. , tr~· t1ture?o\. :all• 0r:11,:t~i,; ,tmder, ·.HH!~;f of 1~1f a.t'· )'·:·C: 
elabot'·e.te ·a ·substance :whtoh\ ia .•inhibi·:toey·.·to :·a ·ditferent ·.:. :".· ... 
. ·' r . .. -·" .-./;.'.,:· ,·• .:.~·-,. ·'· ·.

1 
_ : ' . :·: , :,'- -· _--:----, :·· • • .• ' .) .--.::- -- , ,. ·.·- ·_ :>-. . ·.·,.,· ,, ·.'•:, _ · ,. \_-· __ '.--, .- <·-·.,.--i- ,. -; ,·-·'-._::.... · ',_--·, -··-,·--·-.\ ~.": .. 

:,.(.:Strain. · ... 'ot .• mi() roorgah1 ·•mns ; >;: In . modern i:. terminolo i,y.:. t,he· ·, • 
'. -' • i __ ., ,· ,. , , , , , 1 ,. c • ,,, ~~-:->·-·_·: .. ·,_:· .. / -· ;· , ' 

i• wora. .. flant'ibiot~cn•· has.:<~~JJ·.:·,:~rilployect: ,_~(l :.~.esignnta,, ·ii 
, • •; · . • · · r \. · •. -~ · · ...: -: . : .>.: / ,, / · · i 

.· .. ·. ~ub;t~lloe ' ... ·•··.Produc~d .• ·f ;:.·,-ol' .. · d ei-1Vff trOlrt'' ii v~ng. ce11.s·, . 
whic~ he.a a ;o;~;ri11l:tl}al\~.1mdb1~~'J'Yaction<ori\ ... 

. . _. , .. __ -,, ·,::·>:-•; \ '. , 

•··· 'm1c:roor·gan1sms ,.;.,,aild. is ··espe61s.liy·· tlppifcablei·to:·thoeE, 
~" . ·• . ' . • ' •" : ' ,' •" ; . . . . . . •. , . • ' '; 'i ' '.,. ' ' .' .• : ' " . ,: ' ' ' . • -· ' . '' ' ·....... • ' • 

, ·,:substance,~ pr6du~ed. :by 11 Y.i~g ~a¢ter1a / yea.~t.s, ~olds,' 
·;:, and. other plants// . ' '·. 

:•-·.: ·r -.----- :-.. 
' ' \·. ·,_·_, __ . 

.. ,; i .. )·. ·r In reCGnt\ Yflars El . tl.UlllbEIX' Qt' .srst8lllat1~ ·,·.::.:t? · 
/:·:·studies'. have been' made to ·dott;rmine·. the' distributi'ori ·' .• 

,, : . ' .., . ; ·,,:, .. , . 

·· of::. on~ib~otic.;: s1:1~stance·s , j~n··•· tia.ture ·. ·/\nt1b1,6tics/· 

·)ii:~e 'been oO~o?lif f'd~ {,', b.El Preaerit '1llm&tly iia~ilr~J. 
. . . .• -, ~.- ~.· .. ··~· ,.··~,~\.:~;,->- ~·:.. . . .· ----~ ~ 

, t9,rms or .animal .. a.nd: plant asaoo1e.tion;,; .but ;t~eir. 

i~oiatlon and ·pur~ff~ation 1.~ 'a!.rr1cult~ 
'', ·.,.· •• :•. __ • -:' : /··· .• ' , - ~ .--·: ,c : ::..~•J·.- ._1_ ' \ .- ·'.'.::·-/ __ •. :., ~> -~ ·:.-,, ·,_ ...... 



_:·, \: , .... Alexand~~-"~ler~~ng 1n 1~28 ·obs~rved ·a oo~-
,· . ' . 

tamtr1at3.o~ of> a>.eu1¥ur~. pl&t;•·ot'sfSPhyloCocci 
spoiea· 0£- spe()1ea\ot•pen1cil11um6• . . 

obae~~hiPri .. hesuiP~~t;t~,t ,:n& ..• ruiigu/i{abOr!it8d. 
,,-· . . : ' ·, ' .- ! ', .. '' ._;_, . i ~; -.- :.-• ."..' .-·,· ',' ', ', ' ' .. , . ' . ,· _,. _,· . ,,,, '' ' • ', 

. a _.material· ._·_antagOn1~t1c\:.'t·o/'.. £1i~'-.·gJowt~:,.'~J.-·•,1~v~-lopmen_t•: .... 
r . • e ' • • . ., . i' ... -.'~ : ' • ' -~:,·-.:.,1 ' ' ·,; '. 

media ~na· 'that the ouftu:re· broth. . contained 
antibacterial.substance. -_shown to_ 
be .efte.ctive against ·a vari'ety of gran1~poe.itive ~- '. ·, .- . .,_' ,, ' . ' ' ·:/... •· ',' . ' ·. ' . ; . ' ·. 

org8.h:1~s arid to b~nOn•toxi~ to a~il!. F'leming 
.. . · ._· -_ · · _ __ ·:. .·.· .. _._ · · · -· · · .·_ 'i- a·· 

· ·gs.ye .the -name pen1c:tll1~ ,to .,thitt'. ar1~~b1ot1c • '· 

S1nc_e_ tll.is: diacoverj·, litany::•pther promising _ 

an:t1b1otio ~<have .. been. _inve s ti gatec.l · and····• cl_inically 

tested • . Stl'eptom'io1n \Vas diaCove~d.·J; J'iitkaman9 in 

19.~3, :ii'.~ .. 1~··activtl, :.agai~_st gram-nega.t1.ve organ1sm~'~-

Ollloromyce'tin was disco;~fed.1n l947:-by:Burldiolde;10,' 
1 , ' I I' : 1 , , -', ·: • > ~: ' ., •·, -, • ' 

.Jin<; ;is. act~ve· against Rocky Mountai.~: sPottod:'.:r~vel', . 
'< f '. ·,1 ,>.: 

ri~okettsia, typhus, and typhoid .teve.; •. ;•·Anoth~r 
• . . ' - , . , , , - . , , •· - . . . '·, . . . .• ' • - • : ' ; • I 

important.recent· :ant1b1o~1oi1s· Aureomyc1Xl1i, which 



Cura:r!foriti A~tivit:y; ·and Gb.em1cal. Structur~:. 

oufare •. ·.h~~:·;···beeri·>kn.owri·. 'for ', many ·years··. t6;:: 
. ' ~-' ' . -~ ·.· . . •··~:.':, ·,,·<., .' . . . ' . ';_ ·,_.·- . ':. ' --~· .. _. ··-:_, ·- . .-··i -~ 

caus'e mus~u.la.r· pare.l:9'sie:,v,h~n 1nje~ted· ·_1nto ftto:ss:·.; 
and 'mammals~• .·This .fuE).terial: h~d; been·0:\1~ought tr~~ 

·:>. ,:\. t.-.-::;·· < -~-/ : ... -. 

_South.America. t6.· ·Europe in' a~a*l. · q~antiti~s. by 
·., : : ' •" : ', ,·:--~-.. . . ··.. .·. ' '·:·. ' ~-;.':, .... :.~·;:<>' ·•··, ' : .,,.· >•· .... , .. .. -_' . 

e~ploi;,e;:s, ahd w~s ¥n0wr;x. tlf ~8:ve }~E!!IX Prepar8d·. bj the 

natives :1n the form of aque'ou.s extracts _ahd ooncen- · 
' '\ '.:::< :,_·/ ; (, ,'~; 

'tirates ror··use as an: aiiro\,f'~ofsofr.<·, . . ' ,-· ' ,_;.·' '', ·, ,-:. ,-• ·:·-.. •: / :, . ·;--: ,·;\,' 

and 1,rt t~e treatmentot·sfasticiaJlllo~herpar~lytic 
Conditions• . Bd~a~ : in- '·18~4; ;,tj,~~t:.:.JJ~~~b~a(the 
·1ocat1on' of tb.e .Physiologi,~ttl n~t16n. of ·ours.~e·: _as 

:; !- ,, :, ' . . ! 

be~ng:at-~ha junctf<>ri.'s,:bt ,the,'.nerves and 'muscles. 

·:The C'paralyti,C· .ao'ti~OJt>Of'-~urar~r .. :1ed< .to. it's·· ·~arli in-.··. 

vestigat1ori.· 1ri. ·~a.using: ;elaxation' or· .. ·.musolea·····.·ln•,SU~li·· 

convulsive' cond.itions ,ell epilepsy, rabie's, tetanus~ 
' _. '. . ' 

strychnine . poisoni,ng, .and ·various tics• . The ·non-·_, 

homogeneity of'·. the , crude · curare· p:repara.ti ons made 
' ' . : ~-. ~' ' ' ' ', ". . . . ' ' ' 

:·physiological 1rivestigat:ton and·>: clin1cal•US8 · difficult, 
' •. ~' ·. ' . ' ; '' ' ' ' ... ; . . -~ • .. . •: 

with the ~es.ult that a.large n~bar 6f, synthetic• and-, 
',. ·.· ·. .,. ' . ' ', ' ._, . . 

. ' . 

naturallY•(?CCurring organic com:pound.s have· been. 

studied which have physiological e.f.f'e_ct·s_ similar to, 



·· althottgh ·1n .prnot{cafi}::.all' ~a..ses .l~as· intense ·than,< · 

.' th~ ict1ve · ms.tefin1s: pres,en1fi,itl'\th.e ,origina.l l{outh:' 
. r ··,- : , : .· · ... • ,. ·,-. . ·,. __ , >- ·.' :1,., ·· .. •. ·_ :·· :·" , =-·· : . . -. :: :- _.,-•.. , .-._ '.· .,:!r; 

· me_r1·oan. eu;a.re.12 , . -. 
·, , 

It' is· geil~r.ally·· ai;faed.\\:that the.· ours.re 

a~1;1on ill . one of .pl'eve~io,n-,, in ;ome ranner, o•f the 
tt>~nsf or· 0£ impulse~ ri~ t;~e ~e;~e ~} the .mUScle 

. · at the myon&ura(j~c~1on., 'Th0 lnOSt'Wif elt a~oept~, 

the~t'Y for 'fheJl!le·en~?l1~lil; of . n~u~~nm,s~~i~r 'tr~~~Jltlj sSf on 
is the acetylohol:tne, _theo1~y} v~hteb:.'. •state·s: that an 

,,. , • .. ·-', ., _ '' '- '·.'' · .. ,:· :•. r.,\•"•¥-,. , '_ ,.. ·,,•_:• : ' . •~.:. ;\' .!~ ,-:I,,/_', "J. _:',,-":"-' 0 \ ';,• •~ 

·impulse-. t_rom the · ne:rve :c.au~es the ' f ormat1on . of ace til~ 
. -, ' ,' ' ; . . ; ... '·: ', ,, . . ' ,· .· .. ·( 

· choline# v1hicb. in· tu:trn· ea:uses •st;imu.lntion ot· the 
. ,·. , ' ;.- ,' ' ' 

muscle. Th.e aoetylchol:lt1e.·:~C)rmed by ~ach impul~e' 

quickly hydrolyzed ; by oholl~esterase. and· the pr?oea~·• 
which te.kea. p°iace at th~ :myrineur~l. junction, is. re.-,, .. , ,. . . ,· ,· '' ·-·, ',, ,. . ,, , • , ... --.- ', ,' 

peatecl tOr. each impulse of the nerve., •.. Roaenbluetfr 
. ~nd ~o~,orkers13 postuia't~d ::that ,.'there' is a r~ga .~f -

, . :, . ' , ,'• - • ' ; ( ' • ' : , , ' M. ; \ : - ' 

· conoen ~ratfon _of. ac_ety'.la'.µo'!ine to_ whi'ch th~ mus cl~ 

respond.-tJ•:. -R$~ponse by the:m~scie doeanot ooour<if: 
' - ' ·, ' ', •', ·_ '.' '. . ; : ·'. ·. '': :>-\ ,,.' '. '·. . .,, . ·. :-. , . ·. ,- '• . · .. . 

the ··oonoe1it~ation. 1a belo_w (th.a '"tbreehold. o.f exottat_i.on._lt· · . 
. or· above 'the· nuppel:' · .-P~ttalytio

1

• 'bound.kryfr •. 'J.1his .· postula tt> 
',' • , ' ' . , '! -.,, •,·I' 

-·· explain~- wl1y; the. i.n-,jeot1on of .aoetylcholine or .drugs 
' , 

;': that· are· known· to 1nh1btt°'..',the·· action of. chol1nes'terase' 
' '' : ' ' ' ' j ,, ' • ' ' • ' ' ' ' ' , , • " · ',, ~ ·· • • ' • • , 

.cause curare~l:tke::paralya,1s·,.:_··s1rice:.the· .aoetylcholi~e .. . 
·,, .. 

i-

would be· p!'esan:t; in c_onoentrations above the ·upper 

· paral7tic ·boundary. Be'cause cur·are does not interfere 



.. 75;., 
·,-;:,- . 

. :·w1 th . the libe:caa t1on ~or:· s.'cie;tylclioline, and d~0$, not 
, . ·.- . . ,· ·, .. _. ; . . . :/·-:._•,l.":\:->-~,-:>?'~-,t' . ~. ·-

. inhibit. 't1te··. action .. ~.f-:, ohol1.~:estera,e,: tb.~y _1J~l1eved 
. that;tne' act:1.on'or .oui,are'was'>one of re.1.stnir,the 

:' •.•... :: . .. ' /' ·:_>·,. g.: y • ,'·~ • t:, '· :.·\,.. ·.' 
., :threshold of :exo1·t11t1·ou•"of'··the·niu.sole·~ .•Tnu:s_ 

:··- . :_ ·: ,, ·, .. ' " " 

... fa .•.poatlll~.t,ed•··· ~at,''altnou~/he,;ueu~~;'run<,t)nt,. 
aoe tYloho~I~e J~:, P~~\tcfed ,bf\~h~ illlPul~e·. f;~ 

:, ' ' . 

'rlie .. per1l)ht,ra'.~··p·~r,lys1s 'due ::to cn1rar,e. 

oeeur,a i.i1: a definite :.oraer, so thltt the ' first ':a1.gns· : 
• .', ' ·, •• , _-'. • ' . , • - - •,.· _ , \ ;" ': • ,' • - • . L.·• - , ' - i . :_ . \ - ' , · c' • ) .'. '., • -'. :~. < • \, , • ', , : _" • ,' :° , : ,;_ , . 1 • , , ' - :.,' , ,.. • '. , , , _' , 

01• .e·u~are poisoning are d.roppi~g qf•tbe::.eye_l1ds~ . 
: -·.. ·,, \ .· :•, , ,: :' •-,. ,,_.,~! : • i , . l·., ,: . ,·_ ' _• ,•," ·:· . , ;.> , •.,- •-, '\":\/'.\; f 

dro\vsfneaa •, loss 19f .spe,eoll, .. a~· pa~~~ysis. •ot the 
.. ,·. _; ;.:_ .. ,_., .':·: 

!I1he ·e:xtr.e'.ill1t{es· ··a.re then .affec1ted ~: 

Jt>l1owed ,ll1 the mus~f is' Ot' the ~1ttp~rn~f · ··.•.tin;J.17, 
• . . . ' ' '. • ' ' • '' . ., ' . ' ,, ' ' . ' ' ; \ ., , . : ·t·'. : • ' 

. deh th ocou.r~<fro~ respira:tiory· ta1lure~--. 
' . . .- ·- . :·: ··, . '•' . ',.. ·. . -~ ' .. , 

' ·, . ' ,•;' 

. which ·pr04uoe·s .\a>tru~.- ouraritorm.'. a<rt!on::J:18.a no 

etr?-c~ :on·, the,: centra.l; rier,rous sy'~te?7\ ,o:r the h~rJ.~t 
.fi.efle,xe·s, are'::dimlniahed but::.n~t. aboii.ahedi and.· 

. , . -i· .·, :: .- ',,' ' ' • .', 

· p~:;alyz~· mu,~ole.· retµrns t·6 .1t·~: 
showin,g any han1itul 'effects.' That death'. occurs f.ron1:· 

raapfrs.tor1. 'tailu1~e. be.fore•, other· toxic. m;nit~Stt;\tions 

· are•·.noted has been .shown' by , r,iving·:dogs'• up· ·to-:fittY . 

. timos the, ordinary lethal dose·' .ot .n.·,cura.re< propara.tion, 

· v,ithout f~ta.,l1ty, by ma1nt111n1ng.:a~tif1o1al respiration~ 



. .Three ~enef~;;J+-6(l)~ <?! er1rrrE!. aCt1vity 
at_tri·bui;ed ·t.o.t;h~ ection,,or quaternary e.nwoni-µm ,•,.< 

-~omp6uhd~(:'.IJ.r~, e,J:i-e 9,..;~'1ci~, ,nniecai-in1c ';c if.ort,. :~ 
',·.;·- :.i _-:. ~ ,-- .. ·--.- ,'-·: ·: __ t, :. '. -. ~'-... _ '' ~.,·f.'':'· ::i ';, ~-:··.,_ ,· >-t-,-: . ...,:~-· ,. '< 

.·n1c,ot1nic action~ 

' i (mti1'i;;rn1 & .'lac tionJie 'Qri(I' 'or c11rec t 
~t1nnllat1on, or smooth mu;dies, . w111oi1.• 1s· man1te.st irl' 

' ' ', ' -~ . ,. ' ' ' ' 

.mam.mals by f!lo~v.i_ng· or .th~ h~a:r,tbsn~, p.oprtis~ioA. of 
th~ blood p:ressu.:re,: vasod11a.t1on,,·_m1os1a ,.·::-t,ronol1ial 

• ', , ' ' • , '; I 

o~nstriOtion, ealivat1ofl;_and ltweatlng. Ren~llaw:and 
Jiunt14 · used. e,e .--~. c;i terio~ i'or ~sca;illi~ acMvity 

.t~e ,producti9n:.·.·o:f'. a.•.fai1'111.}:,l9·oa. :'pi~Elas~e., ·~rhicli 

wa.s .pre\,ented, )>y:atrop!ne,i the. latte1f be~ng a specific 
• , ..•• " r -,· , ":;. .• 

antagonist to 'musea:rini.c activity, ' 
: ' . ' ' '.'· -~ ,· . ' . . . ' ' . ! t .~ • • '. ' . ' . \ 

· .. A' niootin1c action ccmaiata. of ·a pr~.mar,.-,,-

tr~ns!ent' st.1mulat1on and., i se~onda~y,<· more, persistent,: · . 
• • ~, ' ' • • • '' ; • ' ' > ' • , • ·., ' _. • , :·.',_ :; • • . ' .,. ,, i ' :.' • ' -~ • " _· ' ' .·• ' 

·cl'epress1on ot all Sj1mpathet1C and pa:rs.aympt1thot:te 
. . .. , } ' ' 

gan~lfa. «fbus,/ the first signs ot a. nicotinic ao~ion 
•i •·,-_ .• . . ' ' 

.:are ,a 'J-18~ .. 1n blc,od·. pre~sitre Odiu~; to .~~so~·otor par~i;·s1s. 
. . . . . 

. In, tiie iit_age· of pax-a.l7sis:,.(n1co~tne;;·.,t~~~ 'ma1ufest~ 

. 8. :curare-like paraly'a:ts :,\~1}ii.~h. l~.rgely t1J{plai~s·'the' 
, . . . . ·. . . ' . ' .- ' - , ' . '-: '; ,. ' ' ' ,'.' ; ,: _-- .. ,: ... _.;" . _- -~ ... ' . ... .· . _- ' ·. '·' .·., ' ' ' . . ' " 

f,• ;, ' ! • •' I • 

tact tba i: death f:t:-o,~rniootine· 1s · due to, respiratory 
,failure.·· 

·s1nce the active cura:re alkaloids wore 
' ,.. ·, .. 

quaternary salts,, many quaternary .<compoundt/have been 

investigated:., and :lt has been found that quaternary,-



wumOll1t,· .. aulfo~hr pho~phoili~·~· .' ai-a9~um ahd},·. 
·. sf1lioni~ • s11lts $,J,J, po~ ue Sil purai-e ac ti#.~l. i'l1 tho~gli •· .· ... 

,,- ,-, .i -·•,.··,. 

~ii/o:ri these. oniiin\,,:1onii. ·exhibit''. ~ur~f1fdrin:···a6tiv~ty 

· .to··;oniJ ..• :fftell~2·•···the' .• 4~tel'Jlacy·•··•.9Jnm~ni~••••·~oinP~undsF-.· 
't1i& · J1kY11itr.mon1ulll, jh~ ir¥1~1ky1alllllloni~·; · ~}lEL hehr(): 

. ,~ ... , _·., , , .. _, .. : 'i - ,· - .·:.·\ ..• , _,_. u ·- . - : ·-·-. :· : · .. :_,.: ,. __ - _, ·•.. .- -'·-:· .;_·" .. :_ ·; :.,-: ; 

. cyciio .. anmi~n:tumf··•: .. ,u1d,/tne'a.ik~lo1d~·~·.,. ~re .... -rn6,a't ;~rrective. 
·::1 .- ·1 :.· ·:•/' • - .: ,i:,. ,._ ,' :·'._·<•',·-_ • '_:_-·_· ··.: ' ,':.· .. ·.<·:. : ' . .'./( .. _./' . , -. ·.,·.,. ,·-· ', ' ;• •· ' . ' ' ' ·+ ' ·. ' 

· In ge~~ral/ all of the tet~.e.lkylammon1um , 
. ., 

.;sa+~·~ .P()sses~~•· .otira1.,e· ·activity! Tetr8llle.th:y-l.- and•··.; . 

. tfi~eth7laimuon~u1~; salts have very:::_P,_ronounoed. curare 

kcti6ns, · .. a.· ;maJtbnum'>~freeti~ene.stJ' ,Jri:, th~: trimetilyi.' 
alkyl. ael'ie~ ''Oe~rls .~J~aheci ~1th ~l'l~ 'but;1 and•· amyl. 

,·, ' ,_ .... ' ·, :-· ' ,, '· . ' ,,·, ' ,. . . 

cl.er~ vatiive s 15• > i POl~i i'ti:Jle n~ · b1s qua t~:rna;ry. ammOri!~ 
salts posset;s a:~t1vlty, espeofally when )i=-:OH3 _:and 

.+:>'; 
... :.·M -.-R

3 
· 

. ' . . ' . . . ' ' 

. . .:, . . . . ; .,.., ... ·,., 
-l,l0-0.H2 OH2~.fCH3J3 . 

Ohoiine 



uns:atur~··tea:.·• e.0111~.o~h#~: ·:.~t .. ·;.:.}11.~>'••···:;,#~~~1.,#i··::;.typ~.i\: 1*.:fgen~ra.i· 
possess more effective pbysfol.og1cal. proper.ties, . .,ut 

'-_ ·. \ "· •,, , · _·· '.· ·- _,,•,, -, .· . ,.. .. , ·_ _· ·: .. : 

are. us11al~y .:more . toxic : than.: the '.·cor·responding aaturatec: 

CQmpoililds. 

liry+t:r1allcy'l.amm?n1pm ... oomi:mutlfisi ·e ihibi'. t 

muscari:n10·, . nicotinic; and 
, . ' ·, ' ' ' 

. repla<1enie11t· :t>r rt* ·alkyl< g1.--oup :on· a ·:_qu-.ternary nitrogen 
, 1 • I, , 1 r 

· \Vi.th an aryl group: reduce~ .the on~a~e .. act1;1ty·. · 
.. ; ,, .. . ' '. ':. ·, ' . ' ' ' ·. ' ' . -.. -~' . .., · . .; ', : '' . . ' ' ' . . . '' . \ ,. ,- ' ; ':'" 

!!he ··alkylpyrid1n1tmt·s~lts possess· weak 
·curare -activit:v., 1nsome . Cfl.S$<S .lntl:rked.,~ttsciirinie 

. ·/· _:•' 

,·, - ' . 

~+-· '\:.2/ F R 

. ,•,_·._ .'. 

']:ti& berizyl pyridiniU?ll saltj.s the Jnoet ettecfj_ve 
th~ · py~1d1ne. d~r1 va ti ..:es'. • Th~ · ethY1 and p~opyl-

•• -, • • ·, _.:. ' ' ' • .j •,' ,· ,· : • • ·, .: •• ·, ' ,·'' " 

, pJ'rid1n1 um ; Sal ts ·, are · .. less .. e r:r ea't.i ve. thai :. ~he.=' k~.thy i 
. • ; • t ' ' ' ' .• ' .- ' . ' • ' , • ; :· '. - • 

~derivat,ives·. : Theti.soamyl find, oetyl d~l'.1Vat1~etf h~~Et 

Bn action oon:parable,.to the 'lltethil derivatives •.. F&.., 

d.u~tfon of the··.;ing. to 'th~oorrespo~lrig pip8X'i~1n1Uln 
. ,· ' ., . . .•· ,, . ' ... ' 

· compound~ usually 1noreaaes 'theeurare act1t>n ·.arid 
. ' 



-reduces , the tnu.scar,ini<f{and · nicotinf:o :':ac~fons and 
th: idi1c1t;.1r ,, 

; Guihol1 nium/:.:a:rld: ·: :;t soquiriQl.inium 'oom.poun.d·sJ.li 
' .. , ... ·,-< / ' ····:*:',_.,·::.,. · :·._.1> ., ·:·,_·-::.:.-.. :.-:.·,.,-:·:.~~---:·:_ :::~_._ · ___ :._;'._· ·. -·<: _· ·-~ '_,, '.,-. :<·_-:<· 

sho~ ·olll'ar~ ].<lti;~ty,.' (::J~~r;~.~·1~~ ·tnJ'J.~nil;tri:• or<tho 
.· _·_.· .. ·.·.·.·.· .. ··· ·· .. <'::· ·/ •. ··:·:/i':;·•·. ·\_:<::'.'./1

'.·• :;. x'. •·, ..... ' ),} i.;.,.. ,. '. .. · ·_· .. ·_·:•.· .. ;ii:;·\ ;{'· r·: :.; . ,:)•.· ..... • :/'· . · ,·.••:•··· .. ·· .. ·. 
~lkyl .··.·s~oup: USU~.+1Y·: .. 1nc1~eaao's ;. the'.-'~~tene!. t.y :Of.· ... · the· · 

:"'•:, ·, .-"·-<· :. Y.-/· ·\/;;:::.-.. --~~h,:>:_.'..':_-:· __ ··~:•·,-.. :.'.~_._·~--/~-,::,:<: ... :i;1 ;_:·.·<<:-•.,.·\:S\·:/;·i, .. _,.,· .. ,__-._ .. ,., :;..-· ->./<:,.:}~-.--.~·:<.i•_/(i'"' -_~::j:;·. , ;, ,'•,-~ 

aot1v1ty but ·a.1a·o increases the toneity. 

, ~e' ~~i;1~ co~~ti~ti:~tti o/~~~ti{ Amer1can 
are /qua·1;erhat:-~ alkalo~ds •. , ~ihe ter~ii:lry 

but,·, b~_c'oma. very·. efrec~1'1e . ' ' .'. --... . . ' .. ' ' .. ". :', ', ' ' . 

quaterna?~ase~• ';i\~t1ve ,.. ,, .. ···/' 
l)~~x/ ;r~pa;ed · b.~.';~;~1n~ · the C!Us"~Eirne.i-y' .eal. ta 

, E:rythr!riaal~a;~;~, ~1:n:tne, .. and ,oiridhonine·~; 

,_ ,_.{; . , ,:.-·:·· . . 
. ~;ol:ioeroi -,Eth.~lra·;/:.,.~ll,;,, the· past 

·· J.1tt1~. att.ent1on/hi8 b&eri Pa1d/t6 ; th; Pkl'lnaoologioal , · \ ', ' .. -~ •' _,_ - ,•• ' .. :1/).':.i . . . ·;,, . . . •,_ : ·. '• . . 

. :pl't)J)~l'~ie s of. > ~Lsubst1 tut8(1 ether, or giyoerol 
In :wio · Gilbert• ahd. De~c~m.P~~9 .1nvest;~g£ltei z_.;h~~o~y-

•. . . , ., . ' - ' , , .• • , .. . • , , . ',' • . • .~ - , , • ••· ' ' . ·-.. . .. , . ·- , , ,• , , . •. , , ', : .l' 

·.·i,fo~rtn-1·~2-di'ol<snd. :: ob~~/r"ecl'<:tha1; •it: .. tinused ·. tr~mu:ten~ 
• • • , . : ; • .. -. '1 i · ' -·,. , - · . - . , ·' ·•. · · ' · · ' -·t · .. · · , . . .. 

>~dl'alisu 111. gu1ntifl \pi{tt) find I'abbita and i Sharp 

tre.ils1ent tn:i.1 o:t bod,; t~lilpe:rlltufe 111 aOgs. 'Thi 
<:-.•._,- ,: . ,-:~'-:_,.-.'._ .,, ;_, :,:-:·-·._ i __ , .. <,:· ."·,:"> ',: • . 

Fre~oh auth?:t-S hlso' re~or~ed the .;es~ltri of p're-

l1m1nary' elinica.J. :'t~i'a.is. and. reo6ntmerid.ed the 'sub,s~.ance' 
' '' as an ·ant1pyret1o and analg~sfc. >It ·was COII111lel"Cially-"· . 

available ~~der the name of·.·;,Ant6~Ynel'20 •. Berger· 

and .. Brad1ey21122 1nvest1gated the pharmacological · 



.:·prope'rtie_s of. a · large ,numbei'._of. s;mpie ·monQe~he~• '\: 
' :. ~: : , ' ~; ',;,' ': 

.. : __ of,_.glf?~rol and 

·•.·•·,possessed.'. ~st·p~cul1a,... tc.entral •.. · d.epreesaµt.;··.ko.tion·.,.. i 1hey;-. 
·;, : . ·.,/ ·. u·.: .. ,.\.·.-.... ::;';:i·);t\:•. ::\ :-.. J_· .. · ::; .\,.·:.,> \:·:" .. · .. · ,· ·.· .. ::. 
· sugges~ed :.:that·it:,:·anesin,. '·3-( 2 •~ttiethy~-phenox,l. p:y;-opan• 

.. _' , . I 

1,2-<1101, th~ lllO&t, $Ul t~bl9 'futl\the ~areS~ ·.~()ffiP~Ul)ji 
ot t;he seri~~. may ~e u~et'ul ·1; ~e treatm~Xltor ./ 
.8past1e• a~ t1YP;Ji&net1ci~t~te~ and•.ro~ithe ]?t'Oduct1t>n•. 
oi'nm,soular' relaxation· du.:ring .atu1esthee1a. 

T~e .. ·~ur~rt.ion .}Jt pa~t,1lys1s is :rela.ti~eiy 
' . . ' . ' 

shotti .. but repeated.- ·dosea show no·cumulat1ve .effeote,· . ,. 
_. • ' ' • ,· .•. •- ,'.. •· • ,, ,; ! 

e.nd __ toleranoe ·1s, .... no~ bu1l_t up~· · {.n':'thel"apeutloallY: 
··,:·:·: ' , 

_:etteo:ts· on t1n1 organ ot the: body• · tfyanes1n·: has· .1iteil-
•• ; , • , _, ' : • ' I ' < ' ' '-1 . , -. '. , ' ., l, 

.. . . 
·,:,·having a ·much greater, margtn"O~ satit,r. ~nd' brin_ging . 
. • ... ~bout. re1RXe.t1on w1th0lihti'eeea .. It ···fe much more, 

· e'tteot1v& w!th barbiturate anaesth~s1·a than: curare,' 
. ',.. ·_' ' , · . . ·, :· ··,.· ' '': ·,· : ' ·.·. ·,-_· ''. 

· appa:rentlf. enhancing .. the action ·ot the .bar):)1.turates • 

.. :·> ..... Bet'ge:r-23 r~po:rts that. m~n7 sub~taririe.EJ •. o.r ,·· ... 
,· ' ' ' ,·.,:·1··.-· , ·1:· 

the a·truoture R•O•OH2-.0HOB~CH2oH_ prcducecl t~ansient .. 
... -, _,. ' ' 

muaoular.relaxatfon andparnlyeis.~ 'lbese ettects 
. were· du~ to a ·depressant-fiction .·.on the central_·. 

, · nervous _system:•anci' partiou.larly · on -~b.~.· spinal· cord.. 

-The pa.rs.lyzlng ·aot:ton wa·s strongest· when J{·was-a 
i, : / • •, " .' : . . < 

be:nierie nuc-leua· aubst1tuted ·1n the, o~tllo p~siti_on 



~itl{ ii}sma1i:· aikyf:•'()f ' illk6xy:·'if~ui?;'.or:;;~b,l6l'irie'):.. .·; , . 
::'..; /ii ;-' ·>·.-\>;_/ />>·:: /-'.: ·.· (.·.:;_ ,\<'.,::·..-..< '.·>~;: ::'.:,?.·.:.:- :r:'.:::.>:, \'.· .· .. ····. · .:y•>. ·:. ·. :·.:·.;·:;;· '::.,::: ·:::: ::;- · / V. ' :~·· 
. (Jompounda::_vd. th :'thes~t rad'1oals ./1'n.: meta ·:o~ parfl· po·sition ,> . 

. :.,., .. .. _-. , .'. ,- ·· '. •:•":/· _· ,- -- ~: , . . .. ·.-: ,' ·,, ~,;'t '~ \. ·.~ , -. ~ .-- - -· .• ;. ··:;,;'.',··· .:-~-.. ·;- ·.·, .. . . -- ; ' . -.- .•,: ,•; -.~·•:_'..·~-· ;· 
' :··-.-; - · _. ·· .. . ·. , __ ,::::-•,: .. ,._ · ._ .. •. : ... ·, 1 __ - ... · . , , .... · .. ·· .<···.·.~·.-.·, ..... -:'_: .<·, .,·· ...... _.· ... ·_·•·.:·,/' .. .. were less. :·aotiV,8 .•>than ... ~h.~ .:Q.rtho .. i~some:r,~ it:;,,'lrriEf:prcjserice ·: 

>.' ..},.< :,' ··;>, :.r•. . . ' , • ·, .,: ... \·,-..."1 ·i. f:•i i.; ·•· '1 , ,;:i· ,,., ·. ' ·. ·. . ,.,., ' 

:·:or: .. a. hyd'r.'ox,~•~;.· <· aminoJ.·.·•':t~i:a~,i:\:fl~teit :··c,r'i}ijd:roxyalk:,1·-/'.·.·•····. ·,.··.···._·. 
,-: ' .. ·._· .. ·.··.·_•· ··>•(tr'. :'.·,-. '-: :. :.• .. ·.·.;;::.:··::-i·.: .:::I ... ·::.;:··.··;:····:,:--.. · .• /\ ;:', . : .·>.,: :·:· .. :. ::, . . · .·· :.: ·••:··.\·.·:c',//:\ :-:: -~:: :- '·'. -.• , .. 
. ·· gro11rJrmul~ipl6. ;'1bSti tutio~}n the ·!ing w1~ a1Jcy1s Ji 

:'·~fibuted more· :to th<( :,p·aralyilng a~tirtty than· the : 
. . .: : :·.· . :~·_\ "\:-/_:~- --"':<: ---_'·:_: .. '.· .>. ·.•. ·,· ·-_., .. ··I'/·---> ·_---:_ -;:- ,_~- --.:; :_ ..... .. ,' :,.. > .· ._\· - - __ -· __ · !: __ -_, · --,: ·: - · ~· .-'· --:_.,_~---:- · :-:--__· \_-. ·->•~-- --_: ·-: ;-··:::>~:: 

branched 'chi1n i·soni~;~ o;'.':-i.maaturat~d ·radicals~ ' " The · 
·.,~~amf 1: et.h~t)a, ttlk·moi# \l()!,f)riif J~m~s~ ·()tithe ;.• ' .· 
•a11Phat1c ·~rl';Ce•• ... • .. iet111ii;•··suostit~ti~fr•.()n ··•·the .... . c2. )tO!rt•· .. ·· .. · 
of · the •••siY~;X:,.i , ~ici~ ~haindid. n~t ~~fe;~~llY·• lllt,Oi,;, ,,· 
· . . ' .. -. .,: .. - . ··~ ,, . ;, --··-~ .=::, .. >·.-: ;, ::~>-/ ! · ._ · . . .,_~ .;._·, ._·->,-.. ·c'- i<<·~.:·<~t<:.- ·.·.:,,·: :·: . .. ;;.: ::~--~~ -> .• .:- ·-·_ 1 . .. . . . ~· -

'' Pfir~t.yz;J':g. ~C~;f t;jf ~1; • s~bsti tu:f.?n bf' .. . t~f a1 ·.· 1~Rm/,.; , 
·••·deCreased·· nct1V1t7~.· ·.opinpounds. pos88sstris fhe ·. stru~~ioe· 
•· •li~s~~2-oaoa-ba2 on . or·• R"so2-on2~0HQ,~i0H2fH. ·· al ~.~.·•··~.av~··•, , ., .. 
; : para.lyz1rii . e C ti'vftyi, ·, b~tf ~~·re . ~ore ·::,t~~1 tS'; 'ii1an: 'th; .... 
······oxygen· ether.a~ .. • ,•,001ni.~~~.ior ,'• w~: ~~rJ6tur~i~;yi,f0-0Hf:•.,, ... 
· .. olioH-OH20H attd aeyl-s~GH2fcriotr-o¾oH ,1~fri~se.d ·.thf , .. . 

thre,shold ·,t·o·'.•eieotrie~·µ.yL1~~u~ed.i:.~~tl~i·{~1ons'.·., .. 
• ' '. ' . ', . •. : ··. ' . (,: .-· :- . ·, ' • -:· .. ?.~ 'i. •• ' ." .• 

~:. __ : . _-:.·-_:·• __ :! ,·>·-_. ·,_ •-~--·: ·. •; ·--- ·:··:-<_·.:>-\= ·_:_-_i: -: __ . _~_ 1.' '. '· . ~-;- ~;_: ~; __ ·:,_?_:.:~l_.:.- ·:--:--~i;,:<. :, -_.~_- :-· __ :_. --'_ -_: . :.:--· .·':. . : 
Was f1-0 aimple . relation be~w.eep>the :.,inticonvul13ant and·· 

, ~~l'!i1Yzini ic ti~itY ~f th; i~i.i~~ Jh8 ~ti,; .•.. . ••·. 
::,i'corivul'sant ·:.acitt6n .. could' rio:t ,be. s1gn1f'ica~ttr· a~t~·red : 

(, r , . ', • ·,. , • , :. · , <, , , • . , , , ,." ·• • • • ,, :, , ;:_~.'· :, ·, , , , ' . . . • ; ' ,,. ,, 

: bi aiky( ·~r · aikoxy srlbii1~~t~~~. :1\,, th~\Jlu,citms • ... · · 



-._ . . '.-. -·t 
, - ' ,, ,,- .:, ·:_- ,·. : 

'·Ag;Jt~t~lifJ1(.·iit1~\1J.t~~/(~/,s~J~th~titl 
... ' ' ~- ', ;_ -~ , ' ! ;, ' ' ,i 

·. < d1vi s1 on . ; cif the. : S.Utfmomi'<{: nervous -~:f~¥eili . ~re qui~' : . 

. :~ume;ous •·. : , · I~ ·. ~dd1t1 o~· . f ·o ', ihJ \ho~~ne, · epirieph~:frie ./:< -
th~.mo:t ,f~;ortant ~r ·.th1ai;~u,;~,)1~f;{f:{iXarg~}. 

·, _- _•. _.. ,. ' . • .. . ;_ • ; : ,, C ; ' ' ,• · • . • · . ·, . . . . . •, • . • . . . 't• ' . ;-: . I -•._'' f,_~ :: '. j} •. . . . . •• . .. · .·.- ,. ' 

•: ··•;ntlmber.·.· of', ,ubstan,oes· .. :·s1m!lar··:to'.·.:1t, :1xt.·\s_tf#ctur~.~(:)::i'.,· 
-~ ' • : . __ ; • ' • ,· ·• ' • _: .• , • ' ', ' ' i .' .: 

aystem.t These su~~taridea' are ~e£;ri-.ed7f ?1fectf'fe · 
• ···as ··.·•1;h~/sYJl1p~tiJ~1~et1~•.··aJrdnes·. /•·i~\.~i:a•·~1J'?/ .~t)i' ' . 

• :. -_< ! •. '< :: ·:~ 

aubstan~., :a···.>b_·,:,~1.011g_·. ·.•· ._-:tb<(_'.:Eit_.kft:J.ofo.B eph8dl'1n,; Nee>:- · V .C 
. , .,,. :·;··; ',, \ '·:t/ 

.. .. , ~;I• · ;;. ,, .'•' ~. ' .. ·\ 

syneph?'1ne•;/~tld ·~ph,ttlmf ~8{'. 
'' .,,,, ~e '~~p9.~h0fyt1c '4~~15 whic~ ~il;6essrKi1i 

.·• biOCk 'Ol:', '. d;i),:,es ~···· t;hi ·;_~pµ1Se of' ~ympS:i~;tiJ· Ile rve.a'· ·.· 
· •.•. 

1

.~l'~.· .. ·f ~w·•.24 .•.• \~~1rid'~· ~;\rf E1i{!,lit. '~1ih:'~~~/\ttixt~:, :;; 
.··• sid~-:~aCtion~ ' ana:~o.r.se.~ntly \th;fl' :ther!p~f tic··:.:··· 

•··:.·:::t:i~:::11::et:1::i·a·'::Iti:ritt::0~:::1:;ts\ .. 
" ·, ... , · ·· 1 

not -~va11abl~{-••.at··•presen.t'.::'.:/ 
·1, •• ' ; ;· ; • ' . ;. I 

', /'~ ' '! 

· .. A sympe.tholytio ; ctrug antagonizes' :·ep1nephrine, 

. s1~i1a:; io the •. 8.nt8.i~n1a¥~&t;~"t)f 11i;()p1ll8·and acety1.; 
choi1ne~ ·•·- -} i'~·-• .·.·.~~i:;~•.'.·~:~·'. 'a'::_ depr~e:s~.'n:t ·.·.-· by.\ :_:slowihg .... _th~ -_rate . 
. i ii··· ·•·····. \/ • .. :·. ·'. > ·••· < ': :_ / '. ,:''. :'.-; ' / :J "<: : ·· < ;·' •·······.. . .••••·· , :-· o.r t~e> hea:rt through ci~pres·si_on .. of .. the·•. cardia·~• . 

. . • · . _.,, . . _· ., '· ' ·. ,' ' .. ,·, ,. ,. '· -'' ,: .: __ ' ; ·, _._, ' . ·_ ·: 

.. Scceiera t.Or'carid l)y . p;()dtiti1lft~xtens1:V8 · Pel'ipherai 
. • ,-. : .... -. . ' :- :r • 

··vasodifation and ._1n~reas1ng __ :,.tlle. tone .or .the gast~o-~ ,_ 

1ntast1nai:_ muscie •. . 



ut,i~.1\:,recent1y· .. :tne:•<llosest· appro~cn··•· to 

such ··a···••c1rug. ha;a.••·baen:. the·':.t!{¢;:a.i1c~loids·;.ii~'ztgotamlrie' 

··:'-;, <'.'-;_:;,'.;._:\'::.:,··/•·:, 

,'·•.··•· .. ~ave{'.~Ynthe·~1;ed· ·a .. · nutnbe:r·•··. of.-. d1oxa11e\ d.e~i'va'.t~ve··~ .· .· 
• . > . I ' I • ' ,;:, ; • ~ ,'. ' . ·- ~--': . • i • ) 

w.n. i6ii,;•·appea~·-;··to·,··exl-l1b. it.· :.a. :a1r .. eot spe.·ciricity.< .1.·•n .. ;, . 
. ·_._. ~-- ' ,. •·' ' ·, ~--· ::,, ;_ ·: ' . ''' ' .. ' ,.'- ' :'. ,,.-_ -~- . '. ... . . ' ' ':· . . :,· •.-- ' ' ·: .. , .. 

·'•·anta,goniz111g<tp.(t a.eiion :or 'epinephrine,. •: .· Th.$58: ,, : 
' ' .- . ... . . ~- .. 

'C®ipounds''-.po¥s,·s;·-:.·•t11~ .. ·•<fo1iov11~g·. tip~b-al structurei:•··••. 

·One '. :of· th.e.'·rn.ost prom1sS.~g of the newer -' 
I ., ' . , .. , ' , • . • . : .•, ... , ~--. • '- . . . . . " • i 

. r: 

•·.s~n~e,fc,•·••?mpE\thQ~Iti<f ~~!nts t i1btlnairifne•~\ 
\, ( N m-t\i)'Jezi'zyl~; ~c,hlO?'O~thJlainib.~-) .;\ . . . 

. : . . . . . . . . . ... · -.. - .'., .. ·.:, . -. ;" . , . -- . . - ·. : ;. , . ,- ,, ·r· > ·_::\/ . ·_.. . .. 

· D1benam1ne p~~:,been,. ,s~lJ.dieq., :,Ph~rmaoologicaliy 
·•·. - .: .'' <'. i' , > ,".,. \ ·\ . f:<C \,.;,,,., :. H; .) ,.,,, L.'. .,:.: Y 27ri· ....•. _ 
and., clinically by· Goodman and ."his ·associates • !Phe 

free base fa an ofiy J.1qui¥buf tlle .. Jl,d.roCllloride 
·~ ' . . . . . . .' . 

a.Vlhite.e>ryatalline compourid-a:tightfy soluble: 
, .. · . . ' . "·· \. ',_ ... - ' ,· i' .' .'., .- ' . 

The. comp~und. produce·e• ·an .ep1n~ph.rine ~eve~sal in blood 

pressure,- preaent,ing a ~esponae similar. to -ergotamine. 



... es,. 
·- · . 

It ·was --- sbown that·.--Dibonamine doea ::not des·troy 

ep1neph~i;ne chemically, ei_ther .1n vitro or in_ vlvo, 

and, · as it blocked the d;reot sympathetic st1un.ils.tion . . 
' ... -_ - . . . . 1-7 .•_ . ' . .· ·. •- . . . ·. . . . . ... 

of ep1ne1,hr1ne, Nicke:rson oonoluded · that 1t· proQa'blY' ; 
' . ' . ' . -

acts on ·the effector ·cells :t'n the · organs~-- . However,· 

Dibene.mine produces :local t1s sue d.arnagEi and also 

.oauses.·,oentral . nervous -system stimulation~ 

. Following the ·1mports.nt discovery ot . 

Diben'1udne,J a series or N-f2 .. (2-biphenyl~xy)ethy!7- • · 

N•(2-chloroethyl) alkylamin~a28 and. . ~ related -~omp~\lnd:, 
' . ' ' . . . > ' . • . 

· N~l2-(_2-benzylph~nox7 )ethyl}'-N-(2-chlor~~thyl) ·_ 

ethyltu!l1ne29. were ·•synthes1tl:ed ind reported to .be 
· ep1nephr1ne · sntagoh1sts •. ,:[hose ce>mpound.a: contain 

. ' . · ' ;· • ' : ~.-.., _,.,,. ·,; -~~ :• ~·· , ,,::'· ;,J_ .:· ·, ·, · · 

eithel' phOnyl or ~enzyr g~~ps in 6rth0 poa1 t1ons 

to the phenoX7~thyl· gro~l)~ , ,~~P and Nikawitz3b 
synthesized a :. seri~s of' _ N• ( 2•chloroethyl) -.N~{2-phenpxy-

ethyl l amines hav{~{ra1ky1;, ~~thoiy and halogenSas · · 

ring subst1tuents, in on atte~pt., to .f1nd ,,,substances 
~.-· _. " ; - , ' - - :. , . . -. ''.'. ' -.. . .~ ·:. • ~- r ., , - / . , , . • ., .' • ~ , - .- ; • ;·· • .' , 

:, ' ' ·.: '• ' ::· '•. ' ' ' ·.. ' .. . :i . . . . ~-· ' ' '' ' ' _; , ·.. ' " ' .. ' ot higher potency and. to acqu1.rcf turther .. _knowledge 

on the rele.tionship . between ,. structure and activity. · 
. \,.; :: .. ' ., -- ., ' . '. ..... . _- _ .. . 

•:rhe least toxic a.nd at tb.e same ~1m.e the most ·potent 

aympatholyti.c agent was: 



where R was a methyl, ethyl 'or 1 .sopropyl group in 

the -ortho position. · Similar · compounds 1n/ which _ the : 

benzyl group was :replaced· by. an. ethyl or : 2-phe:h~xy- ·· 

. Keri11n, Herdegen, Heisler and. ti.llyot31 . 
synthes1~ed a series · Of .n,t,~d1aubst1tuteq. ... ..-a1=11oro:. : 

ethylamines of ,the followS.ng type; 

:·.··.·.··.0 .. ·.·.··.•·· ...... · ... ·.: .. •• .... ·.· .c·•·,Jr.2 0·_,·.·• H. ' ·'. . . ' . . . - a•· 
R3 .· .. . . . . 

··• . ··· R2 -_ : 

• ~i. - . CH2CH20l • rm~ 
R 

• " \ ' -

'·wherelt:Alkyl groups; .R'= methyl, phenyl or"penzyl; 
. . - . ; . . . 

· '8.nd R2 and R3 ~. liyq.:rogfri, ' liydl'oxy l . o:r :me thoxy. 'fueae ·. 
' I. :.~ . 

low dosage levels. comr,ietel1,·,.~1oel<:ed the : excitatory 

ef.teots or as much; as l __ mg,/ltg. ,, ,of ;Iljeated. epinephrine. 
. . .-r .~ :f_. -_. ./~- • :·:~a 



.o.-· Concepts Involved ··1n the >s;mthe·sia of- . 

. Oheinothe:rapeutlc :· ana Phzs1oloi~16al 

·ooricept of' J\{$tabo11te Antagon.ism~ : 
•··, Th~-·-•·¢oncepi ·· ·that ·:aubetan~;·s•· ohe~'1call1· 

·,_;~lated. .·to· ·a metabolite ·may· interfere ;ftn .. tne norme.'l · 
, ' ' " "' .., . ,' .. . ... ' . ' . ·,: • . •. ,' ' ' ,. : ' . .·.' ' ~- . ·;: '._. . ' ., . . •. ' . . ' . . . . ' . '' ' ' : ' ' 

.r~notioll . of· tl:le.'t_nletaboiite: fn· i1v;ng ._ cells 'has . 
• ' $ 

attract~·cl Vtid~ap;ead '· interest.32 ', Thfa concept:• '.• . 
• . ' : .- -. : . i' ' . • ; • 

·tra~qUfJntly ;pttov1des e. un:tqu~ :~tarting ,poi'r1t .fbr. -the < · 
synthesis ·· bt .biologic~lly···. acti V:e :oompotlrl~.s ~nd 41e. ; 
study• of' ,ithe ·.•-~ei~tton·--he:twee~·:,_'JJ~i~fo~iJ,1truet~e .· .. ~rid ··. · 

ao.tivi ty.; ·: · The.·.·•··••·~.t~tnulus••: tqr : many- ,;investigations 

\ > -/ '' 
the ... atrlk:1ng. rei~:t3..onship'·b~.tweer{i-amirtoben~'():t,c , ,, . 

_ .·· .. · .. , ·;..· ,\• :.: , > _ >.o ~· .;.':·; · ·. ,: L .. :-:i \ :,. /./ · ·: :.- , . / , - . • . ., . 
acid : arid · aulfanilamide-:type .. ·compounds ·. > \ However; -.. · 

not al.l important. an~lli50t1f~tS a~ ~;ructU?'a1{;. .·.• 
·related ·.to the '·•affected·,:irietabolite :·a~. 'the value· 

,e- .· -: , · 

· · · Broadly, an·-.··esse_ntfal meta'bol.1 te tnaJ< 'be · 
regarded _as .. ar1y_ substance °t~volve~ .in the. chemi~s,.l 

pr.ocassoa· by wh1;ch.·:i1v1ng cells are pr<Xluc~d and_. 
ma'ihtained, regardless of thei~ biological :function.,·: . 

' . . 

Thus, any substance · ma~e. avai,~able to·· the· i1ving 
ce~l, whicli 1s a1m.1lar in size, structure, and 

, . \ , . . . -~ .. ::: . . . ·• . ' ~· 

electronic conf1guration .··to ' the or1g1rial.-metabolite, 

may be read1ly ·accepted in p~nce _pf the genuine 
metabolite. Further, the .spurious -metabolite 



attenuates or kills the cells which attempt.to use it. 

\11th this theory· as the.'baeis, .. _numerous 

metabolite e.ntagoniats have l)eendevelopedln which 

the antagonist is a s11ghtstruetul'al mod.1fication 

of the origi,nal metabolite• Some examples of auoh 

antagonists are the aulfa drugs .for J?.•a.m1nobenzo1c 

acid, pyr1dine•3-.sulfon1c ao1das an antagonist of 

nicot1n1c ac1d3°, phenylpa.ntathenone as an antagonist 

of pantothen1c acid34, and pyr1th1am1n as ·s.n ... anta.gonist 

or tb1amin36 • 

. It 1s necessary to remember, in synthesiz-

ing a metabol.:tte antagonist, that essential v1tam1n 

deficiency might result 1n .man as. wel,l, as 1n the 

speo3.f1e organism. .ohe, (i~eires ,to destroy·. Thus it 

5-s a'.ppa.rent that ,t;~; . a~S;log1.\es ot the vitamins esseiltial 

to man. cannot be· ,ef.llployed aa .chemotherapeutic agent~ 

if they.harm the host more than thepathogan1c 
::.. . .--·: 'i , 

organism•. Ih'; casesr,\vherei tlieir. stru.ettire has been 

elucidated, growth taci;ors not essent1ai. to man but :·. ' .. ' ., _:: '. . . ' ... -. -·~' :. . ;' . . '. ... . . ' ' , 

essen.tia.l to the -organ1snlprov1de i a feasible avenue 

of attaqk. 



\ . :,!'he~ :conce,pt' ·.o:f ·isoate~i~ni vfo • .s ,:first '. intro~ 
-.. . ' •,, ' . .' :{-·. -.. -. -:-·- -- _: . :.· · .. -- -__ ·- -- -, ,.---._~ ·, .. "; _. .-:.>->--- , ···:_. __ ' .. _.- -~ ":·< :;· ·. -· .. -, ·--~·-.. 

d:ticed.\b~T Le~gmuir36, in l9i9. . Since: -t ho. t ' ' ti11ie . the ; 
' .·· <·, 

or1Sinaf restricted.d.efiniti.ori ha.$ ' und.erkone con-

. s1d.erable :-!I~Qc1:tflcf~ t:rotl ,'8llii ;,: e.iteni1iori'.. ' : . 

. . ;. ~-angm\lir 9r1 gfniliy P.rop9sed · 
. or grouos ' wh1~h hav'e:·:'tb~ ;\sa~ne ·· .ounib'e1• 'of ' atortis. arid ;' . 

.,. · -:· . :_ .. . ·_ .. .. ' ' ' ·_. ,·,, , ' ' . ·_ . ·•,- _• · · '• ··,_. __ .i '•, " ~- .- •' ', ·, . '·_. -· ,-.·. ·.. ,,· .. ·_ ", ,• ' . . ' .:· ; · . .· __ - : _,' .. 

; .j . . 

iirutl(;l t.~til.J. xiUlll.bt:;f' ;1\ eJ.aitl'QllS a'.:i-:l,'IJ:rigfld .in th~ 
. s~rne ·manher·, be dosi:~lbea;':· as ·,_lfiSorft~rtc~•·• He 
· attEU1tio_n tq the tfao't that when. ''13:oate:r.Oa:_ a~e _ 

,, .:~.~ . . : :.: : . --: -.. ~~:\.~_c.·)~;._;i_, '~ . 

isoelectrio ·•• (when·'';tliay''·.ha:~El-i tl1~ · sr.n~e :•>totai ;b":t~rge') 
.- , · ' . ' . ' ' ',', .-. . .. ·, . , • ,,,.; . _ _ ,-,·-. . 

· t11~1 )tfom POase3s ,~tr!tt1ns1y\si~l~r PhYBi~.111· 
,. properties ' oi:~ai:~ '. ~:xiple~. '~r ';ni ;a ' Ofd;abstere s •• ·, 

,. 

' ·showing·· ·extr~o,r4lnh't1ii/\!l6se~·'~greenie.%11~_-.1n·.;1il,lysical. 

conste.nts are.;·carbpn nu:,noxide and nitrogen,- · &.nd <;.: .. . 

. . carbon d1ox1d' .an~ i. n~trlou:a. oxi~e-~8 ' Th~se . exatilpl~s, 

·, · :"" 

_; ... ~°.~ever, fail· to <,9oni11der,, reaomince structures, :,,vhi.eh~ 
··:in '..the -- ·. case of : tho .ca.-rbozt :a.1ox.ide and, •the nit~oue ... ', 

oxide·, ·'f11?e ·_n.ot e qul'v,a1~.n.t / _: 

_(lrimm59 1n _ 1929 .made a -r,ather unsuccessful 

a~~enw.t t6 explain ison10:rphiam, bui in doing . so,. · . , . . . /. ' ' . _---_ ' . '. . -

_broadened -the conc~pt of 1eoste:r1sm··to·:1no].ude: 



·molecules· or :groups pos~e~si.ng the. ea1ne num.ber ot 
valenae .. ·electron·s, whether or, not.the same number .. 

. · of atoms were· 1nvoived •. · Acoo~ing ·~o 

d.et1niti~?·,. groups· .·<>f the .. tollowing_ types.are 

ciiati'se~· afi soateric : fl~or1der hydroxyl, amino» 

••• •• :Ndt ...,. ·;o:H i' 

•• •• li, 

, ... 
,t:N: ... ', \ ,;., < ;_)'.'.'."'':. .. 

bit 'o~:1mm1 s definition such 
~· ',,·_ 

b:romlde, ·•1dd.'1de, .·thiol,,.fltc., 

.. ' •• :Br: :Te:H 
' .. •• 

, ·•• 
: S:lI •• 

are isoater.1.o wi ~h group I, aa, .they. ·all contain .the. 

same number of valence electrons. 



Erlenmeye:r40 pointed out that various dyes 
' . . ' ' 

·containing -o- or 1~s isosteric -oH2- linkage b.etween 

. ar~atio rings e:xhib~ted ,alm(?st identical absorption 

sp~otra. Be· also proposed41, in what is perhaps.his 
-.,:.1, '··,' 

majox- contribution to<.' the coticept of 1soeterism,, that 
'\i) 

~h~:11romat10 -oa .=OH-group and the ring su.lft1r atom 
,.·-._. :·,·-- _·.,•, .... _,, ·-· .. ' ·'ar~ .lsos.~e.r1*'• -~r~e~e·:,e:r-· a.rri ved. at this conclusion 
·.byiarguing tha·t only the boundary electrons (the 

H H •• 
, .,·.·. , ,· .. ,-. 

-.-- .. ,.,,. 
.. .. 

-o=o--
_,_ B .,.;.. 

•• 

outereleotrons of the group), should be counted 

1n··,determining 1sosterism. Thus, in- this ·case, the 

two electron pairs shared. by the. carbon atoms are 

., not to be · counted, aa they . are ·ooniridered to be 

·within thEt group, or 0 pseudoatomstt. 

Abroac1··definition such. as this results in 

· compounds _sUch as benzene, thiopbene, ruran and 

;py2:'r.ole .be1ng·1soaterio, and ' although the physical 

.c_ori~t~nts ot benzene and thiophene a.re very s1iniiar, 
,,'··· .. ·. >.'·.' .. ·, 

those· of tu:ran and pyrrole.diffe:r.widely. Such 
·.·-.·.·,,.,-... ·' 

CJ s CJ 0 
•• •• • • 

H 



differences may be accounted for by the . :f'ac.t that 

the degree or .. resonanoe. stabilization• or the thi.opt'lene 

mbi~cule,•:11kei that· O,f benzene, .. 1,t s1gn1.t1cantir 

. larger than tha.t for furan42 , · while in the case ot 
, . . ' . ' 'I •. , ·-" ... " ' •, . . . • . • ' ·~· 

. . ' : .- :· . ' 

. py:r:r.ole, the; moleouie s · can" as aociate .th.r~ugb.<nyd:rogen 

bonding involving the .. · amino-hydrogen atom. 
' . '· • ·. ' ,,- ·,- ,··. •:,;' : ·,-·,, '· ' ' 

It'.; is e.pparent' that the broad definition 

of 1soster1sm, which classified atoms or groups con-
tainingthe same n~ber. of boundary.electrons as. 

"._, . ~- . ' ' :,: . 

isosteric, cloes :nof,cne~.eass:rily provide a valid ba.sis 

for the prediction or slmila:rities in physical and· 
op.emical properties. One must· take into aocount .. 

such factors as resonance poas1b1l.1ties, oppo:rtunities 

.. .for .. hydrogen bonding, ,and size. Vl1thout e~ception, 

the only cases 1n<wh1ch.isoste:r1c groups do actu~lly : 
' ' 

confett '.similar properties. to substances a.re.·: those 

in which the groups involved. differ little in we1gb.t. 

E:rlenmeye:r4l .tound. that.even in the ex-

. oeed1ngly.spec1f1C antlgenantibody ·reactions, certain 

corresponding derivatives of benzene and thiophene 

proved to be 111:clistinguisha.ble. 

A cle.sa1c illustration ot the use cf 1so-

ste:r-1sm 1s that of isosteri.c derivatives of sulfa-

pyl'1dine • ·. sul.fe.d1az1ne and sulfath1azole43 • The 

replacement of the benzene by the thiophene ring 1n 



•. coca1n8 produced./ ac Otllp~ st~tieJ.i r&s~ml)t 1~] /:·,'; 1"/Jf • 
•. ooodne .in •.·~ ts .· P\1 f i~logt~!:f jf l:~f !4).~t i:•thi,t .. : i:, · 
. alkylam1ne .. e.~ter ·of iri'lu.t?BZO\S/?11(SM siml~r 

·,atl:8:sthet1C•····gropert1,f s :to;.~+~f (o~\)::)~f f sfGO,~~f 
.deri yati,res .. or ~-hydtoxyben!oi~f !<;1~(. •)i• ·;; (' < ,i / 'd 
·.· .•.·• .. •• .... · · .. ·.· ... ····• · •it .,i~• .. a2~i.re\f \·f t;i[~1t}f ~!ft .:)\•·•.·•;;:~'~· 
P.1'1nc1ple ··• •of , 1 SOSt&l'1Bm··· .~atl/~!! ! .lie,~ 'n0/?0f S8\ ... , 

•. t() ·sired1~t, einiilar1ti.etJ. ,oil1i\~~ri· ~;th Je~{' 
caut1 ~D.·. and ':._ fifter. oai-et.ul. ·:~,~:h~sid.6 :riitt~~l:.~i..•·~ii' .: it\t ·•·:::\)d ' 
.. ·· . . ··.·· ·. · .· . • . _ .• · .· .. i :.· ····.· :: / .,/ :: ;:.,:;:·, .:,.,:;;}c:.··:::.·)l/•'.::_)}:rr?;\:i:':: ·;•,.;,(,: ;: ·\}\ 
·pertinent ·· fa~tors. _ ·· As .applied /to eerta~n \specific ·ry: 
'· _. ·. ·. --->-_-,;/. • ·,· ·.. . . ·, >·· . . . ·.· ,; 4 -~ .• :~:· /•,:~ : .. -·- -~~-\-·:·- -; .·-· .'';,:·),'. '·,"'• ·!~- -~i_\:r -'; :·-. >.·:_:;,~_-~:,: .. :-_,·:: ,· --: :·., · . .-.. .:.•_ r;·:·'.~ ;: 

groups YJh~se· s1m1la:r effects 'h1ave ·b~·e·n··.·~ell ·.~at~b- ,,>, 

.•.11 m!df ·. t~e. ;~~~¢:~f ;?t21;?if ~iif jt;i[i~•~f ~f nf ,n>~;,/·;f \r 
·,.1mpo~t.an~ '-~ole , 1n ·•suggest1ng.,.: tlie<· po~sibil1ties of:.•; i<·· 
·· >:··~. : ) ; L _} >. · .. ·\i\\/ · ·:\:·_:i_ .• · r . · .. _ ·.,.· \\r,:/ ./·_ ·}£:fl;.://t:i\?· ··\:./t ·. :.:\ · ·. ··· : ':i/.; ii[ 
new -. phys~9l:ogi()a~ly · active'-::a.·g~nts wll1ch:. ·::d1tfer · )()> : ·<:<\i 

~·• .;""; .. .._ ,_. ·•. •, ., .. ' · .:•: •_f _-· · . • .· ·-~··· ; ' • ,," , ,·.:,.~~-·:'.•_··::::.=~-:::\~-{;:;. '( . .-:·'.t··,_.,.\\;:;~_.r :, ,;- ,_: _._;·~:~:.·:.->·:,: :,.~-:>;·.:~,,,-·'.•, ,,; •• - I ;·~.--.-'.·,,:'·/ 

·rrom oornpounda 0£ .tested .. vaiu.e.\:,nly :::.111·:·tlje 'sub-),,,::t:, .. ) ·}: 
· . . · .. ·.· -• . ··.·• · · . .· · \.,,,; ek ·::r; .,. \::~:/1·-r•";· · ·:,t( , · : it:; ; >_ > 

1•.>· - _. . . : .. '. :.: .'..fi::<-, :;: :: 
st1tution of one 'eucb ·isoster10;/'group ,:'.by··a.nother~:,< ;.• ... , . 

• . -·1, ., • ' , ···.•· -.: . - ........ .·, ' ; ',", " , · ..... .. ,· ·.·· .... · . .' . '\'•.' "/.J ;'.. ·• 

(i ., .-. ' 1·: :: ,, , . . ·; . : J, .. 



· The e,;tent of, the present lnvest1gat1on, 
' . ' 

includes· the attempted..synthe~ia ot:fluor1ne 

• steres • of the ~asex,.tial ·am1no,_a.cids · ieucine, 

leucin~, ii~rleuolne, . tyrosine, and serine, and. the 
• •. • . • . . _r •• • 

vitamins pyr1dox1ne lV1tam1n B0 ) ·~net pantoth~ni.eo · 

.As ,'d:1soussed. 1n /the previous 

concept ,~t. !soste;ism., .. the·,··fluor1ne ::atom is ·1soster1o . 

'w1th<tb.e'hyt1roxyl 'al'ldthe:~1no groups, and. therefore 
·, _ ; ' . . 

the replae,ement of' th& amino. groups' 1n· the esse·nt1ai. 
• ,· •• ' < 

amino e.'cids and the hydroxyl gx-oupa ·ot the . above~· · 

m~nt10ned vittUnins: •should ·~esult iri contpounds :or··. 
, _- . ,· ."( . ·-, ,,.... ":.':,:ti,'·_ .. ,- ,;:.,;,._•>~" .::1- __.,,. ,'. ,.; :: ' .• ,_· \ • • 

· lnt$re~t1ng pharmacologicai propert~ea 
I ' ···>•. ' I • . ~, , -"~ . : . . . ' . ' -. - . " • 

· lo~1oa-~ aot~vity. 

·.; It is. _also· postula;t;ed that· the .replacement· . 

. of these 1.aosteric groups' .s\Vith',,a· fltior!ne ~,tom, in 

-oompoutid.EJ' known to b_e es~ent1al me~~boli'tes or 
. vitamins, .. m.i ghtd: prociuce~',::$1 .. '.~eve real of· tl1e ·ao ti vi ty 

• ' • , • < ••• • • ' '• 

_charaoter1z1ng the. p:a;a~n~· Cl.bmpound, .Px.-oduc:in.g ·a 
me.tabol1te antagonist or what is ~o:mmonly_ classified 

as an ant1.-amit?-O acid .or 'anti-vi tainin •. · It is also ., 

hoped that desirable changes in the physiological 
. . 

activity ot ·such compounds will not be a.coompan1ed 

· by an excesei ve increase 1n the toxicity •. 
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. -~. ·. 
.A second approe.cli >to: th~ · a;¢y, pf tbe 

-: .•. :•·. . . .. · . · .• :' . . · · ·! ·• 

; . .':-'·.'. --~. . -~ >-,.- ; .. , ';/ ;'; 

;'. ~ff~o·t :p1,~ueed:··'bj: ·· :. the · t'lttOl~iXi~. ·\~tont i.1n··:va:riotts ·> ' .,.: . . : . . . . . ,. ~-;-> :_::,. :.,· . . . .- · .. 

£h.y~3,o10g1cd:i.y ac.tiyo p~pouiio.lJ 1 Si. th~/ ir,itx-Qdl.lc trori: 
./ . .' •.· ,• . . .. . '<' •: · ... . •.,· . •.· . •. ·, ;.- I • , 

.;~f /:a. ·. fluo1'kine ;atom for a ' hyd~ogen.' e.t;om. : The .com~· .· .. 
· pttre.tiv~iy- small. ·atomic rad!rus ot.:in;•,:1iuor1~~·-'. ~t.~ni 

.... , ,,:; ,. 

-:1.~ .bt .- the··oi-de; ·or that : or · tl.le ~y~tps~#::}ato1t1,·;:~~{{::.:·· 
•·.like . hyd.t>ogen• i~t .rt14Uj_re,~.·• onlf , .. 6ne )e:Lec.t:r9~ to 
eomple te ·. it~ ,alence _. shel.1 :. 

. ·. ·, '~- ., :r I \ 

. ·the .aynth~sis' arid:_ pharma·oologicia,f testirig _·ot Jl . 
, ·, . ·: ;. _-_ .,:, . . • .· ,' · ·:· ----~: ~ ___ ·- __ , · .,:_'_:' . , . ·_ :_:.< ' · >----i.': -- ·:,. :· . ·. ·,:._ .. >-:··. 

~- :• \ .. ' 

::o~ cen tr~l_:·d~pre:ssant and . sympath:olytia. 1igonts in 
·i, ;, • 

' ; . . ' . ··, :" ~ . . 

-.which r ·iuorine has been substituted·. tor the :hydr6g~n, · 

. and itrifluor-0111~-thyl for the ' methyf ·group ln the ortho, ' 
-~:· ·::>.·-· /,:,~,'. ;_i_;; ·· .. · .. ~·•.'_:;."; ~- , , ,,-.,·_·,I~' ·.~; •- / ; ; ,, . . ,,., 

m~ta,,. and p·ara ·· po.eitfone :·o#, ~he) arom~~icrtn,g. <· The · 

· • Ceritr:a1/ d8.f tes8a~f. agent• .. chosen; f~r ·.•. th1; 1nVo~tigat1 .on w;; .;;_c;+th;lph~no~y) ~p~op~:~·.i~1oi'..(Myanedn) •• ..•. ·.: . 
. . tind .·· the s;vti)p~ thc,lyt1o . Qgen~ ;_£,a .. ( 2-methylpbenoxy) -

• :, ·'. ,, :-.,. ·.;._ ._, -· •• · .. · _ •• ,· • -;:··_- . _ _,·. -; /; ::'· , ./ :· , , ,,, ,': ·. , .. • .• _;.- . . ·.· ... .. .. ·· ... • ' ..... ·• . . '. '.. ' · ·· .. .. ,:· 1 

.'1sop;opyg~N .. ~en;y1~t,s ~~hio;oethylamine 11ydrochlo~1de •. ·•· 
' ·.. . · .. _.. i·· .- . ' . '• . . . .-. • , -· _: ·' ·.:-- . -.. _- ' ' ... . . -,_, . • . ~~, :: : • . i '. _'. , ·;-< · .. ;, -

. :~Y :. ;ntx-od. i~ing . s. ·r l uo~ihe .,_at.om or ·. -~ '. .trif luo·ro.me ~:fl'. .. ·· ..... 
;· ;-· ·· 

, group into ' ttie~e ._.compound.sf :we_-.·hope bo<e~anoe ·_.·theita ' 
pllys101(jg1cti1. ~ci1vi t9 _,wl1;liout ex~ess1,e1l focreasins ·.· · 

their :t~xicity. , 
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EXPERIMENTAL 

I. - Attempted Synthesis of Fluoro-Antivitamins 

F I u or o A nalo g of P y r i d o xi n - V i tam i n B s , 

· Fluoro Analog of Pontothenic Acid: 

Hg F2 
Anhy. HF 

K F 
Cello solve 

Anhy. HF 

Hg .F 2 

4 0 "lo HBr 

CH3 F O 
I I 

[}3 :J 
0 

CH 3 F . O 
SOCl2,. CICH-b-CHC-NHCH CH C~OH 
HO 2 1 2 2 

2 
CH 3 



, . OHgOH .. :' · . 

. . •·· .·•. H . . o·•·. rn ... •.< .. ..... Oll2?~ 
,Ii a~-~) .•, 3 ·. -N . , 

' : 40~ · -

-• _' HOl . 

. 205 ,g. ·t1.o· m_Clle) 376 S• 
-: 20. i.::,;•·}o:~;t:~01J'>\ ". 34 · S• {0.091 rtt·ole) 

~ . ' ·i'• -;::_· ; 
-; .: ·~ 

Jf'tla~it'' charged 'with 20 · S•, . (0.097 mol~) of 

2-methyl-3-hyd~-xy;~.4,5-di-(hlf(iroxymetbyl) ~pyridine . 

hydrochloride·· {Pyr;doxine Hydrochloride• _ v1.tam1n· B6) 
' ' ~nd 5()0_ ml.\ of ·' ~o,t'. hyd'ro'bromic· a~1d was · refluxe·d : tor -

two hours. The solution was cooled., the crystals 
filtered anc1 · we.shad thoroughly ·.with water, acetone, -
and then ether., The yield of 2-methyl-3-hyd.roxy-. . . . 

4,5--d1-(.br.omomethyl)-pyr1d1ne hrdrobrom1da ~- m~lting 

at 223°. (part1e._l decomposition 217°) was 34 S• . (94%) .• -



· 1ttempte~-··. P.repllr~ tio~ . _of :Ditlu6~o)D:r1doX,-he •··ttj:a~g;tsruol'fci~48: 
• r . . - . . . . . . ' . • . . • .. . 

, - -· ._ · } ,·:-::.\.'.~~:: :\ ( --. '_/v ,; . ; .< ·;~:, ·. ·.• \ . . ,; ~·:-' ::- . ; . . . > ' .. ; : ,,:··., · . 

. ·,·:, \ : : CH2Br. ·' 

. .. Ho[]O~Br . }1~r~;: .. ·.•·. . 
. H~C ; > lt _ ...... . · :. -.-~Jce·1los'o1"tr~-

~:·. ,: i ., __ .' • 

. ··:o,.<·:'::·:•·•:IUf :>., . • .:HF':_·· 

',1 . \ ' . •· s· S• ,Jo.9~:;s;·· m~~eJ /· 

6.0 g~ l0.,()13.3 Jnole) .:ot ' 2-methyi:..3.;11yc1rox1-
.· · . . · .. i· ,.- _-- . ·:·. ·_ -.- .... · . ·_. __ · ___ , ........... ·_. r'·: ;·' __ ,,:.·.·:-· . _ _ ·,:~<-'. ,_:. _·,'\· .. :'.: .··_; --_-._.,'._. ·'._,·:, .. ·_··:··:· . . :·' :__ ' ;:_·/ _ .. ·._ .·.: _. · . .... .. ,5-41-(bromometbyl)-pyridlne:.·hyd.robromide 'disaolvt>d 

1n···.·30::xnl~,·.· .. ··c:,f •. '~.ictu.id'····~nh~'rr?~S···.hydroga:n·· .:t:;uorid~.: m.aint: • 
taihed .. at· OoO. , id•. •: iri·.·:a.' mete.1:• .. 11eaker, · i~a_: ••. ;::~(o·.02': lriole ,·.-· · 

•' , . • . . •. • . . • . : . • ;• , • • '~ ' • ' • • • ' • : ; , , ·, • •. < :_' . , . . . . . • • • . • • C . C or mercur1c · ·oxide . was adde~,,':with yi~·o:rous :· sti'rr1rig •. · 
·· The red. merc·ur1c oxide gradually turi,.ed· .irltowhittf. ,> ' . ,. • . • .. · • -: . '· _· ' ' ' . : • ,· . • ' . . ' .. . .... _. • . ., • . • ·:-: -. ' .• • 

mercuric; ,b;roniid~, and 'r. afte:r· ~r~:,., ,ndnutes the .whi ta 
. so!;d.··.··.!'aa .... ~eparated , . the ·hyd:roge~ ··rluoride· · t1:Va:porated, 

·>and. ·:attempts made to, purify .. the ,•reaulting· nu1ter1ai ' ' . ' ' . . · ' . . . ' ·• .. . ' '. ' ' . ' ·-_. . ·. ' . . ' ' ·. . .,' 

b:y r~cryitallizati'~n : f _:rom :~.nllydroua acetone. ' nloohol, ,,; 
etc. 0nl·f ·tarry materials were . e>btained. · 
Method B: 

D1bromo-pyr1dox1ne · ... hydrobrom1d.e (5.0·.·. g., 
. . . .. ' ' . ·- ·. ., _:·-

0.0133· m.ole) was dis.solved in 50 ml. of :rreshly-
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o.1 $till.ed·c; nnhyd:rous · c·ellosolve, heated .. to) 135°•~ :Jlb.d. 

iO. g~; :(o.o .. 4.2 molal Of mercuric·' 'tluoride 
. -_ . . . ·, . . . -. . ·_. . . • \ . ...· .•· , .' -~ . . . _- '. . . . ' ; . . . . . .· ' . "' . '. • ! . 

· vigoro~ ;:~t lrr1nfl• \ ·· solut:tt?tt tui11ned. a. dark l:;rp~n·- . · 

:.:Tb~. temi.era.tll.re 1ow~~d to 60° ',~,f th~. rs6ill.t{bii 
\ agitated ·fcfr• ·.t~e hou:rs· • . : The·· st1.lt ;·atid. solirent·' ,vere 

· .. -,•:·_:..·, · 

. . . . . . 

· crystall1z~t1on . a~: "pUl~~fiCJat1:on. 

Attempted · P.x,eps.ration ·of d--bromo~ · f3, •P-dimethyl .. 

· 130 S• (1.·o ·.mole) 

5 g. (0.0384 :~ole) 

Method. ·. A: .. · 

. ·:,;-Y--butyro)_aetone: 

, · 

OH3 .·Br ·· .. ··0·.· ... 
' · . . . • • . . ,;, 

CH2_ 0 - > ~HO 

Ls.
;'. ,-.··· .. •.> :· .. O. ,H·· · ·· .. S·.··.•·.· .. ·.·.··· .. ··_J•··•.i i ........ ii. · ... ' .. < . . . . ' ' .. · . _· . ·· ... . ·' 0 . · . . :· 

(l. 0 to.ole) · 

' ·, -: 

'. ' 

.,·cf~b:.ydroxy..: , .(3 .-dit1ethy1~ r~bu-tyrolactone 
; ' . ,, · , . ' . . : ·. ·.·_ . ·,'· . ... ' ·. ',·: ·-.. ,. ' ' .•· ... 

5.0 g/, :o_~Oo84 molel, and 25. ml}. :flf. ·4of hyd:rob:romic , ' '.•' . . . ,. . . '. __ .. . ·. . . ,· . ' -, . . ~- . • ' . ·. : .. ; _' .: < , '. ;_ ' i, . :' '. 

· acid were : refluxed for ·_~l:iree .. hours. : '. :J.'~e ._exoe:as.. ·hydro-

bromic ·. acid was removed ·undervacuum; the oi.l washed 

with water e.nd ether ~xtraoted, .the ether d.ried., a.nd 
,' ' ·.. : ' - <' .·> / '. •.··. ' .. . .·.· . ' ' .. ' . ; ' '_ ' \. \ 

r~movod by dis_t11iatio~. - • :Attempt·s · were made to purify 
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EXPERIMENTAL 

JI -Attempted Synthesis of Fluoro Analogs of Two Essential 

Amino Acids on their Esters 

Fluoro Analog of Tyrosine: 

F 

0 
6 

F· 

1/0 
CH3CH2 C-CL., 

AICl3 

180 ° C. 

6Br 
F 

;,O 

___ s_~-r~ __ 12_________ OCH Br c1/-o;Hgc~: . 
F 

Fluoro Analog of Isoleucine: 

F 



>the_: resulting oil by. c:ryetall1.zat1t>nol" _ molecular·/ ' 
'd:t.stiilation •... ··A11··· ,att~mpts .·•·:ra11tld to/ ftelcf:_,pur~:" 
r1-··•bromr)-/i ,. -dimatbyl.:-:v-.-butyrola~tone ., · 

·Method B1. 

S1nd.la:r . quantit1:~a . of .. ·.· the -~ _-hydre>xy~lactone , . . 
: excess l.,rorritno, and . rad .pllosp,ho:rus · (or .,PBr-3) vie:re . 

. ·• . . ··,· . ·. _ .. ,, . ,:·.•··.>.·· 

·,:reflu.~ed · overnight •.. The exeeas bromina\.was :roroove.cl,r. 
the oil .washed with .•~-1:1. $odium b1sulf1te·· solut1on/ .arid. 
then treated. na deac.ribed in the ·previous ~roced.ure •.. 

,. ' . : _. :. - 1 . : . ' . 

All attetnptSJ failed te yield p~re ti- .-bromo-., P, ... /9-di• 
· methyl-Y. -butyrolaotone •-

. , 

Prepattat!on · or /l •(:e.•tluorophenyl)•prop1onio 

Sulphur 
· Morpholine } 

152 g. {l~O mole) . -

74 g. (0.487 "tnole) 

KOH 

( ·y·· 1 .. e·.·1d· - 0.273 - 56~~.tt. ,- • · 0.487 - P 

168 g. (l.O~ole) 

46 g. (0.273 mole) 



p . ..:(.£...;fluorophenyf):•Pl'Op1on1c. acid was. 

pr~p~red ···~r,oxn. ;£--fluor6phen7l ·ethyl ketqne .•~ · ....• uslng 
\_ ' - ·.,,;.; : . : . ' . ' ; ; ,__'.; -~; ' ; .,.:.:-., -'- .. . ' ', ~· ·" '',' -~ . ' ' ·, 

. th~ .... W1l.lg~·r<>din i·:~~~t1<>I14~ •· 
A:ntixtu~e of '74.Q.'s• (0.487 mole) ot 

.. · ·. . · > .. . '. \ :,, ··.· • .· .• • . . . > , . ·. . , .. . · · .... . .. · . . . . . r · i ·· 
2.-fluo,rophenyl .. ethyl ke~one• 26.0 ·s•. · (0.'75niole) .. }· 

' . 

ot. suitur','.\.~nd .65.0 8• . {o.75 mole] ·ot mor;hd].1he 
•was·:·reflwced •. ·.·•at. l30°\cJ •... fox-·· thir,tY)hours. Hydrogen · ,. 

' ·: ··,_._·_ · ...... . .. ·, ':·_ .. _·, __ · -_--,' _,-·· ... :._; ' 

sulfide•· was'.·11berated tind•·.· a black.· solution reaulted~ 

The intermediate th!oamid.e 11.1as hydrol7zed.d!rectl7. 
•, . -_. __ ·.-·. ,:·, __ ,-·.':_.·-·: ·' 

by .the addition of 200 ml~ ~t .. ethano1; 50 m.l. of, 
. . : /> .. • > ' < .... ·.. i i ' 

water, and. loo. g. , Of potas.sium _hydroxide •. :refluxing 

tor six hours, a.nd. .. then evaporation· to dryness.·:: .···· .. 1 

The resulting aol1d was .dissolved in water •. acidified, 

the ~ulfur removed. by filtration, and. the darlc· · 011 

extracted .wlth .. ether.. 'lhe· ether was dried over 

calo1um sulfate, .removed. unde'r va.ou.um, and .the 011·· 
,·. ,._,:. . ·, .,·· .'. .· .; 

fractionated a'l: 140-142° (2 mnf/)/_to yield, .. 46 g. ( 56%) 

ot P.-(.J!•fluorophenyl)-p:rop1on1c acid,· which, upon 

cooiing, ' gave ·a solid melting at 89-90° o • 
.Anal. Oalcd. for a9H9o2F t 01 64.3.; 

H, 5.4. Found: o,.64.6; H, 5.3. 



_, "°©){ OH20H2COOil 
~. ,.. . . 
i . ··.-....... :."'.: .·· .. :· • 

\ _· -- 1 ...• ::, ' . . .... ·I ,e, .. .:a:r·.2·· 

·F 

168 g. 

36 g • . (.o._21:4 mole) 

·., ·%-Yield ·: O.l9l 
0.214 

. ·'ea oHBroo·oa ---·· 

. : ,. (£1 
V ·. :p > 

. 247 g. : _{l.O: mOltl)<, :_ 

. . "1:7_g. _·(o.191 .mole} _ 

::: ,89% ';· 

. . . •, .. 

0~21.4 mole),· 40 -,~- (o.2s ··m·~le) ·or brotdne, and ·2 ml •. 

of phosphoru"s trich.lbride ,we_re refluxed together 
overnight. rJ.'he resulting ·o11 -was ·d1ssolved in ether, 

. .·-. • ,','_--: _, · --.. • .. , : ' 

washed _with _water, . treated with Oh~rooal, and dried. . 
· over :c·a.lclum sulfate• . The ether . was removea.·•: tmcfe'x- ; ·:_· 

' . ·., 
. . . . ' . .. ; 

vacuum, and ,. 'l?he solids recrystallized fronf ·skelly~ ·. 

solve "B". The yield .of crude material was 47 . g.·>· 
·, (89$) • · . /,: . 



Pl"l3~arQ ti Ori{ol'o'- :.aromoF ~-.( 8l1Jr0mo--4-tluoropheilY1) . 
I . . . ' 

p:ropionio ', acid..; 

_'.N_~_:_o_a(_b_'o_oo_-.. 2_H.....,s __ ) ~::rCOOH 
KOH V 

·p 

268 ·g. 

18.5 S• (0.0685 ·mole)>. 

326 g. (l.O mole) 
a.2 g. (0~0246/ mole) 

0.0245' Yield • -....,._ ___ • 36% 
, 0.0685. 

. . . . 

To 50• ml. of absolu.te alcohol contai.111:rig 

11.0 .s'• -~(9.osas .mole) of .eth:ri:lltalonate and 1.57 g. 

,·'{o.0685. tilole} of.' sodiµnt· was add.ed dropw:tse 18.5' S• 

(. 0 0685, mole) .of -2•b:romo:.4~tluorobenzyl· _ bromitie • 

'Jhe mixture W8.S' retluxe·c1>.for six ·hours· •. the 'sodium 

bromide, removed bY r1itration, the ~lcotiol ~istil,led ' .. 

oft.under va,cu'\lm/ 'artd.' iihe·•· resulting···01;i.}kdded·.•···dropvtise 

. 'tO ·. a hot .solution of 100 'ml.. of ::water,' and 15 g. of 
\.',· . ; ··, 

potaseiunihyd.roxid~ al'.lo. heated for an add.1t1onnf 
three hours. This- solution ,~af evaporated· to dryness. 

then. d.f ssoived in loo tnl •. of water, cooled to o0 , 
: ... . .. •' . . . .. . : • .·.·•.· . ' .. -,. . • ' . ·.·.' .. · . 

. and e.c1dif1ed with" excess hyd.rochlori·c. acid ;,thile the 
(). ·.·. ' 

t·emperature was .. maintained at 0. c. The. acidic· 

solution was tither extracted, · 11 g. (0.0686 mole) ot 
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bfond.ne .· wasi·: ·added /.dropwis~;'\to''.',the Oetbareta.l so.1u.t_1.o~; 
;'. ::• .,·;'- ',<.. '.· :· ,: ~; ' :-.' : . 1 " 

thf ful:i.:t'~ . ~i'J:.Ulted •fol' :th,#J~ ·iio1lrs, . the ether l'~t' 
• • I I . 

1110\f~d, /,!nd; tlle ·: :e s1titing . riil d&carboxy lated at 14°:0 .· .. 

i'o; two . ho~&·. Tlli re;ultillg materi~l eo11t1.i!'1eci / 

-upon··.··o()()ling).; _- flnd ... fepe~tad ... re_crysta,;i1z~t1ohs ·• tr<Jffl 
Skelly~oive . 'nB'' yielcl~d:,:8.2 fh. {36.%L .,~t .a white 

,, :· -.. , 

solid, '·melting· at 1'74-175° · 0~ : 

Anal; Oalcd. for o9a17o2FBr2 
fl, 2;2. ·Found: C• 33.6; H., 

_(00(.)02~5)2 

_J_Ta_·· .. ;_J_~N_H_g_, o_H_;_-.· _· _: _. · ~Clffili2Cooa •. 
4o,gHBr · v 

' . F:. 

·· ·: .144 · g. '(l.O ·m.oleJ 

lO g. · .( O. '7-0 mol,e.) 
. , 

% 'Yield :: 0 •36 
o._70 

' . :: -~ .- ' : 

•.' . ,. · . _-. 

183 g. :\:(i.o ,moi~r-.·.:_: 
·- ' . · ·... ,_ .--. . ·, ·._ 

= 

.In a .l ·l.; tbree~neck:ed ·.:rl~s~ supporting
1

e. '. 

st:t.rre:r, dropping runnel~ and · condenser, 15.o g. 

· (0.069 mole) or. diethyl aCetamidomalo:~fe was .added 
, ;,.: -- .. ; , , _._. --_._ . . .. ; .. , .. -

to 150 Jttl. • . of!lbilolute alcoho]; .andl.69. g. (0.069 mole) 
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.: ot il°od.lum.::·.• .. To ~he ·· .. resulting·· ~lea,.-. ·. soiutio~······•10 g./·., 

' C: 0 •• 1&. ~016) lor•··.n'A!?r?.t~~yl~hloridEJ ·.was ·• •• •+~) r;p~ 
wis~,. ana th~' ~~tllri ~a~ .,)ejiuxe11 t~l' Bi~ ~<>~r~,i : ···• · 

·;•:Th~.·.·,.:tJqlµ.tion.; ;,·~a:~:-, •.. t~lter$df .• , .... ~he • .. i.E1i.cohol \ .. :r-e111oved·;~de:r . 
i. '" •. : . .. ~ · .· .• ;. ·, : .. ~.:!·:. -Tl ~~ :·_:_·. i:._ .:< . , . .·:-- :· · .. ' ·.·.: , .- , ;, ,· ... · .- ··,' ·,,· . ';· .. ' 

·.•··vsc11um,.•··and····· t .11$ ··.· r~;;a1n1ng· .. so1ic1.s·· retluied., w1th 65· ml. 

o.t · 40% 11it\~6b;:o~ia• .. · ~cid to~·•· ti1n·~·•lioura •... ··••··:Th~ ·-··hot (~o1d . 
. ·.sJ1utf Jn f i:~feaf ·····~ith·•·11:eolir1S1ng•. e~re~J¾t••··•· •·.· .. ·· . 
•t,ooled}·~~ ~he •PB adjusteo, to. 6 w1tn .81nmontum · · 

. ' ' ' . . . ; ' ' '' ~- . 
·.· .. ··· . · ... - .. . · ' : . · .. ·· .. ·'· ... ·... . • .• · ···· .· ··. · .. ··.:'. .. ··.·· -·.·.• .. ·-, .. . · 

hydroxide... Upon ··chilling . . overnight, .•. 6 ~6 . S•·· ( 51.5%) 
; ' , . ' _; ,· . . ·'· : ·, ' ·.,,·;, ' .··•. .• ' .:, { ·- .. ·. ·. . ' ' '!. : , ,' _'.· . '.: •.. ' 

· o£~ '-(J?. .. fl'10ropl1Emylf .alan1n~;: .. decomposing :a't': 
26{0 (L1t., 265,.56}52 w~s obtained~ . · . ·. . 

'.•.·. - .;.· · . ·• 

.,_;--', ',. ••.I· • 

>· 
· ,, . : OH OHllHOOOH . 
·~ 4:0 ,.·. 
(:) C(ll3 .? 

F ,· .. ,r : . c 

,.··. ' 

·193 g~ (l·.O mole) 328 . g~ (i.O :tt1oleJ · · 
3 g. {o~Oi65 mole) 2~7 g~ (o.ooai}llt()le > 

0~0083 · · d' % Yiel~i = -------- = 50.,5to o.01as 

,&-(1:.-tluorophenyl) alanine (3~.0 g~ .0.0165 

·mole) and• 20 ml. ot triohloroacetYl chlor,1d,e :were .· 
. ' . 

re.fluxed together for four ·hours-. Theexceos 



'8nf£C£he. ·•·teaultitlg/ $on~s ·wei-e··•··a1s.soiv~d. i~i cot '.!•' 
·l11~ii .s~i~ .. -~ro~d'~ •· -'~e··•~aaic/ solutiOn •w;i ;•.·, 

ilcid1f1ed ,' ,--~h(( ··spli<ts filtered, .· waslle·d, : atid··_ ~r1ed .. _ 

· ttnd.e~ vacuum ·to:Y1el9-·' 2,~'t)g. (so.s%r. ot. . 1mpure/ ': ,-· ·. , 

·. /3-(.2-i-l\~O~oph~nyi)-N~triClh1oroacetyl-lllal'l1n~/ ·\. 
• • • •. • • . - ... _, ' · · . · '"• : · - : • •of _: ,· ' , • • • :_ . ' ' • • • •• ' -_, : • _- • ' 

melting'at\~29-250° • 
. ,- -: ·-'- ·-: j "i: ._.'; 

, ca.,_ o~urooaH 
(-') C:O 

>. V Co13 

~O~f . 
. . , ·- .·. ; ' 

209 · g. ·{l..O _, mole) (1.0 mole) · 

· _3.0g • . (O.OJ.4 .xnolel · .. 
• · . , l • , .• ·. . __ - . •' 

2.2 . • ' ' ·' g ,, 

'•_1 •. ) • I > . , p .;. <.2--ni t~ophenyl )-N-triohlol'oacetyl-alanirie 

was p:repa:recJ _from (f3 -(11-ni trophenyl.) alanine as 
' • , ,•••• •,• ", • ·•. . • , -, • j C. • • 

~ascribed in .. the previous .aection·. ' The yi~ld of · 
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irnp~re material :melt1~g at 245-246° was ~.2 g.: (43%) • 
; . " · .. ' ',' ' ,.: . . ,· ',,.· .·· , , ".'·' ' . ;; __ :_ 

Oalcd. ,for_ c11:a9~5N2Ql2 ;; - _(t- .,3'7.20J 

- Found;f : o, 39.48J · R, 2.~1J: :'. N»-- 9.92. -
,, 

' ' ' ' . ' 

_Preparation 

Cll3CH20H2Cll20M2COOH··::·_ 
, . , . ' . ,·_· .- ,•. '.· ·-' . .•, 

: . 130 g, (l~_o mole) 

·. · 232 g.; '(2.,0 ,, moles)' 

·t:1- ·• ~B~omoca;er.oate53 : : 

.. ... 

,•!,· . .: . t . 

224 , g. (l.O mole) · 

. 4()3 -g. --(l.80 ;mole~) 

1~80 _ -
of 200., ini. · of' thionyl chloride 

· and 232 g. (2.0 moles) of>c.aproic acid was refluxed 

.for one hour'; then -$30 g • . (2.os·moles) of bro:mine· was · 
addeddrop:w:lse. · -~he ·m1xture was refluxed overnight -

~nd· -200 nil~--_ ot :absolute alcohol> added dropwtse. -. , Tae , 

excess solvents were removed and the resulting oil 
was distilled -at 200-205° ''(736 mm.} to yield 403 g, 

( 90%) of ethyl• rJ- -bromocaproa te. 
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. CH30H2ClI20lI2CHBrOOOC~5 ,·---.-,·f ·.• •. cft~OH2CH20H~OHFC0002~5 

224 g. (l..O mole) 162 g. (l.o mole) 

In a 250ml.three~necked tlask fitted with . 
a mechanical et1rrel", d_ropp1ng fun_nel!, 1.3:nd . retlttx 

• -~ondenser supporting· a drying tube·, 2ff.4 g. {O.J mole) 
' . . . . . . - . . : . . . :·· . . . ' : : . 

. ,. 

of ethyl- d--brom.ocaproate was ad~ed <;ropwiae to a 

solution cons1st~ng of 100 ml. or ethylene glycol 
. . . 

and 23 g. of 'anhydrouspotass1um fluoride. The ,tem-

. pe~ature waa :: ma1nta1ned : at l6_0-l7o0 G. : :nur1nS ._the ~-, · 
. ' . ' ' 

reaction., small amounts of ethanol were removed. .from 

· the reaction mixture e After several additional hours · . . - . : - .. - ,. . .. 

·of ,heating, the re~ot1on ·solution vtas ~ooled, ether 

. extracted• · the . ether dried and removed ·under vacuum. 

The remaining ·oil was t'raot1.onated :to· .yield a.o g. · 
' - · , , , ' . 

·or the corresponding unsa._~urated ester' {b~P• 175-176° o.-) • 
. and ,a considerable · quantity.:,of 'high-boiling residue, · 

No t,'--.fluoroonproate was obta1~ed. 

1Aethod B: 

Ethyl r-bromocaproate (22.4 g., O~.l mole)'. 

and 28 g. (0.12 mole) ot anhydrou~ ·mer~uric fluoride 
. ' , . ~- . : · .. ' . . •: 

' were vigorously s:tirred and heated at 100° for four 



.hours.. T~e · reaction 1n1xture .waa eo9led,' ethe:r: ~ded, 

~nd .. : .. ~he .· mfl~·ctiric ':'bkt>rcifde~')f.~moved, by·. r~ltration< : :,'llte ' 
.e:th~real solution.· ,w,as, dr1e.df tlle . ether · remove4.: .itmder 

~v~~~um, .·~~·. thl r,;J~iJi ~fr trao~iona tea •· td Yield .· · 
· theI.c><>r,r,e,.spo~ir1~ uneaturated ••. ee.te?' (b.p. · 175-J,76°). 
No ;_;l'.UorO~~P~~at~ w&S obtai~ech · .. • 
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EXPERIMENTAL 

m - Synthesis of Ortho, Meta and Para Fluorophenol 

o- Fl uoro phenol: 

95 "lo 

OH 

65.4% 
_A_~~_t.;.../~ ..... -o· -F 

78.3% 

P - Fl uorophenol: 

OH3 (53 OCH 3 
HCI 

NaN02 No8F4 
95% 

NH 2 N2 Cl BF4 
+ -

OCH3 OH 

0 Cs Hs 0 Al Cl 3 ... 
--68% 48% 

F F 

m - FI uorophe nol: 

OH OH OH 

ONH2 
Anhy. HF 

ON2F OF NoNO~ 
40% 

+ -



.. --: ' .·, ' ·'..,, : _ _ :-_ , 

: .. J2~.·. g.· (1 . .-9 ino_leJ· 
' ., .:': \ :.~·' ( • l ,'• , 

s15· g • . (ei.o.·molesf ·:· ·-
.- : ·. \ · >·. <-:~: '. ;,~_: . 

' 1 · ,, ·. "<( ... ·: '"; 

, . . ' . . 

· 1qso:: g.i :(4~·'7:S. mol~s} <· 
, ' . , ··:, -_ •· -~-- ... : ... : • ..• ··. ' ' 

s-Me~~V>1itydi~Son1uint ·r1u:obo,...a te :: was p_~e pllred · '.·: 
.bi .' the \~9ble~.rru.u1n.-:rt,a_~t,i_on:· !i,S .. an. intermediate : ln, .the· .. 
. ~~~lles(sI~r ~:rl.~!~ii>h;ri~1~_'· ' . ' ... .. 
. :::,:.,::,:r• r ···t··"' _,.> .. :_. ,. ·.·•, ::~: \:;-,, , . . '.>ti-'- ',·/(\'> ·.,: ._·_. ; . ·i'. •· __ •· .. •. , 

t( ·, •. r:tr: .'.( ·•ro. a ··large t~etal beaker, ;·e.qu1pped:w1th a 
i·: -~ (''~· : ·· . _-: . • -- -~ _:_- -·.·: \ { '. _-;~~ . .:- ·:· ' .- . . • . ·. --~:::·_: ~> -~- .'-· . , ,· -\~-.·· .. -.,.::t:.:):,· -- .-- ~ .• •- ' 

· of water, and 1200-mf •. of.. conoentrated .-hyd.roohl6r:to -_:-
·_.·- . . . ·.· .· ... ->. - . .. ·· .. . / •:, :·r·· •·• < "• . >.· - . . · .. .. ·. •.· ··,\ . -ao~a. : werf)_ :added, .-. w1'~b)"ettic1ent-:st1rr,1ng.·.·. ···-During_··::':;···. 

';'-' - · .. ·'.,;{ , . _;·· '/ -~ } "•... . . :·, . . · - . ·- .. . '' , -

the .course ot ._45 xn~n,1t,~f:), 381) 6• ·. (5.5 .molea) or · ·_ · 
. ·,. ., _-. ' . . - t ·t,:J:--\ ·:· .:~_:~~~--:· i. ' 

moist sodium ·n1tr1te1 · alonc{:w1th _:timall lwnps of' 

dry ice to keep the- temperature 
added to ·tb.e ;stirred. mixture• 

After the ·addition _of the sodium nitrite. 

wa.s co~piete; · the stirring -w~s c~ntinued·:· ror one 

halt hour. Then an aqueou~ _solution of 1200 g. , 



·. '•.~eJnperatUl"e ... ··was ;~a'-Pt~1ned . b.o~tiw,16°.·· .. ·.c .•··· . ·.~e .~n\/:! i .•.. 
·.·pr,q1p1tate···whio~ ... _j~penred,if s ,remove(l. ,by.·'·111Jzoati~·· 
·.wh11e the .Solut1cin,was .•• st1J.1~old -~ w~shed; . i1;~t, ••·· 

.. · ·:!/ '.':' 

t•.·w1,th .. eold.:•·;,ma•thanol •···.:and. •.·,, .'.then.· ,,i' th. ,06.ld :·•·tlther.· ,,i· rr~hb'•.··, 

pre~iPf t.i~ was ,!tf d':'ied to; 1;~14, 1050. 8• (t~~f } ·· 
·: . of o-me thoxydi'aton1~ .t1'uob()r~t;. . · .... , ,, . 

.-· (_- -~- -. ,:. ; .. ·.: 

. ' .· .. "'"'· ,, · . ' , · ... , ·• ·, ·•• ' · . •• , , '• 

·1050 8• 

--~!/ 
.JV 

1 

.. . 

- -- . :· 1\ , 

·f .. ;-~~·~~;;·g}_ .. ti·:o ... 'iiiol~l · ·· 
.. · i~ti l~ ··c sro9 <111J1e·l3 > 

• i 3~09.-: ' • - ' '•; , 

'4.73,·'. 
> ·- ·. ·,:-,c\' 

; ,1 -,.I ,, -~ 

:: . ·: : -~ ._-. ,: : : 
•·_.i;-' . , 

The :<1r1 . .2.-1n~thox,c11~zori.1w1r ·fluobo_r·a,te .• , .. 

·. (105() ' g. , '. 4 "v3 ~oi$'a) ·wtS'" div1de'd,- into th,..&e' q\Ul.1 .· 
. ' ~- . . , . . ;. ' . . : ~. : . -·~. . --

. portic,ns atld. ·: eiich:· porti}_,n decomposed · by .·h.e!lting in , : 
· a 2 1. l'ound bQtt()lll ,':r1~Sk J:•itf;d,;1tb a condehs~~ : 

. re~e1v1ng f'lask. ~e t'iask .,wa~ hfJated carefully 
· with··a smaii .tl.runeJ- ·and:'tl;le _material ,decomposed ·': ._ 



: smoothl,y. '. Towe.~< the :·enq ot'·' _.tbe ·9-ecompOsitloh, /.the 
. , ', ' 

flask ·.·.wa.s.•·he~t(;)d·· .strong1yi,· to -- dist1l1. . ih.~i::la$t tirfic~·s · 
' .· •'. : . - .- ' . _ .. ' . . : --, ' .• . . . . . , . . : ·_ ;- : . . _. . :"- •. , . . .. ·,, ·-, .: ';.' . . -_. ;_ \ . . -. . . ' •;,:. ;.:.·:_ ; 

·:·of·._.··.~.tiod\\bt.{~tT}i~·}.·o~;.,·. pf~uc~'.si:·:V1,ere ··oolle~:te'cl {:'·/:i::i::,; 
~- . ,. . ' . . _. . . . . ..; ·. ·• . . . ,· ·, ·.· . . . . . . . ' . . . .. ' . . .. . : . _. .·,·, 

cornblh&d, ana.: steam distilleif. \_ ?:fie.· df ,stille.te ·w.hs,: 
'. •' \ .- , . ; . ', ".,.',, :, j . \ :,., ' , ' . . I .· . . ·: I ' ," . , . ·: ·... . . ',' -,\ .... , .:.··; ~- , _' . : • ' . • ,", .. ·., _·,. ," •.• 

::.:~th~x-·•·•·.e'xtracteo./,I~zjd:, "t11ei/etheri driel1.<. 9~e)?·· ... anhydiaous 
:.--.· ·. ' . •. _- · · , ,_-- - . -, :-. ,. ' ,, '·. . ·_. .. ·' 

.·-' sodium . . · , .. The >ether. ,w~s: removed ''and _·tl'le "re~idue . 
' - . . . ~; ~. : t- -· .· ·; , .-... . , . ;. -· . ·. . .. . ... ' 

·· di~:tilled -at , 158~159° , o.: ~rider a.tmospheri'e conditions 

' to. yield. 346 8• ;{65,4~) of. s.-.tl.uoroa,rtisole. 
-._ ,. 

126 

· 126 g,' ·(1.0 n1ole) · 

112 g. ·· {J...O _ mole) . · 

t38 g; · (0.783 mole), 

· .. A, µd.xture of. 120: g •. (l.o mole) or ,g.•fluoro-

aniso·le, 300 ml. : of benz6ne, and 340 g,· (2.48. moles) 
; . . ' . 

ot aluminum ·.chloride wa:r'e ':refluxed for five hours . in 

a0 l l. flask •. ·, The resulting mass .was addod _alowly , 

to an ice-water mixture. The water layer was separated 
. . . , . . 

and extracted with two --100 ml.portions of baniene. 
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.·.; ' __ · :·,·>-. · .. < 
The combined-benzene ex.tracts were thoroiigh1f>nt1~ed 
with ·400 ml. ot. ZO%· sodium. h;vdrQld.de \and th~ s(J(lium.·• 
hydroxide\solut:1.on was then aoiditieci)and ether 
extracted:• The ether soluti.on was dried over ah.-,· 

'. .·- ' . ,·,, ·.:-· ,i: 

hydrous oalo1umsult~.te, the ether relrioved; 'and. the 

residue distilled_e.t 147-149° c,.·to· yi~ld- 88 

(78.5 %) of £•fluorophen·01, · 

Preparation ::of J!-Metho~yd1azon1~ Fluoborate55• . 56 : 

~3·.····· V N¾ 

HOl 
Na.N02 

._.NaBF· 
4 

>' 

12~ S• _(1.0· mole) 

369 g. (3.0 moles) 

222·g. (l.O_moles) 

634 :g• (2.85 moles) 

%Yield: :2 •86 =·95$ 
3.00 

To a.;':i.arge. ·.•_:metal ·beaker, equipped with a 
• 1 ' ·1 /;,. 

mechanical° st1rrer'·•a~d. thermometer: a~ cooled. in an 

ice bath., 369 g. (3.,~ moles) .of .e.-an1s~dine, 850 ml., 
;_ _,· ,, .: . '. . ' ' ·. ,: -,\ .,_., ': or water,· and 720 ml.· of ooncentrat~d. hydrochloric 

acid were added, with efficient stirring. During 

the course of 45 rninut,es_, 228 g. (3.3 moles). ot 
moist eod1umnitr1te, along with small luinps of 



' ·, ' 

dry ice to keep the te1nperature -was 
' . . 

added to ·the st1rreclm1xture. 
;'.,; 

After, the e,dd1 t1on of the sodium •nitrite_ 

was _complete, the •,.st1t,';-1ng .,._was cont1ntied: f~r one 

half.hour. 

sodium. fluoborata· wa, add~ :rapidly,· · ~hile the 

·te~perat_ure_ wa~. ma.inte.ined below ~10°0.. The tan :·· 

precipitate ·which.·.appe.a~e,d'fwa~:;-,pemoved. -by f1ltrat1~n 

v1h1l.e the solution was still. cold a,nd wa~hed, · first·. 
f, ; .·, ':f ' ;·,-·:: "' , • , , t,' 

1 

. , ,, : ':•, \ 

w1 th.• cold methanof and . than w1.th cold \ether. !the_ 
. , .. ' ; . .. '. ,· • ' '. ' ' .,_ ' ' ' ' .. /· " 1,. ,' '. -l- ,- './· • ..-'~·· ' 

. . 

precipitate .... wa,s air dried .to yield 634 g,- (95~) 

0~ n-me th~~;!;.1aZ~~ium f itiobO;a / 

Beat 

222 g. (l.O mole)' 

634.g. · (2.86 ·moles) 

1.94 = ·-----• 68% 
2.85 

. ·-~· _ OOH3 
. -_- - __ . 

F 

_g. (l.94 .. -moles) 



·Thedcy .n .. methoxyd~azonium. fluobo:rate 
_(634 g. 1 2.85molest ,,as ·decomposed by heat1ngi~ 
a2 r. :··r~und -·bottom· flask .. f1tt.ed with -~ _condenser· 

and receiver.· A water trap was conne~ted to the 

r~oe1v1ng ·rlask. T~e :f'lask was heated carefully 
w1 th a smali flame, and . the ·material de~ompoaed 

\ ·_· ·· . ·_-- _·_ . 

·smoothly. · Toward · the end of. the . decomposltfon,· the . 

flask was heated strongly to distill ·the last traces · 

of product. . . Tile ·crude ·products were collected., ___ . _ 

·c:ombined, :. and ; s·team di.stilled. ·. The distillate · was . 

ether extrao~ed, the ethe:r treated. 'with ammonia ·gas, -.· 

dried over calcium ·sul,f~te , _ and .filte.red. The ether 
was removed ·. and the residue distilled at :;156-157.°. . C. 

under · a tmosph~ric oond1 ti~na to yield 244 g. ·--(f?8.1&) 

of I?.-fluo:roanisole. 

Prepa:ratfo~ of R.-Fluoroptienol6f,· :sa, . 59 : .. 

6 .. ·······.o.·. c _·_H-_·. ____ --

3

-· V . 
. F 

126 g •. (l.<l mole) :·. 

244 g. ( l.94 moles) . 

112,·· g. 

' 104 · g._ (0.93 mole) 

• 0.93 • 49at 
-rd_ y 1· . 11f•X7_·. a /0 -;o_ · 1 e d - • t1 



of ;244:' g •. (l.94, moles).' of 

.12.•tluo:rqan~sole, 600 •rn1,.; ·of. benzene, :and _685. S• 
·.· (5.o:mo~~s) of aluminum,chloride ·we:~e retihxed,• 

•· . . -_;_ ' .. ' ' ·, :,: ' ' .' ; ' . ' ' . . ' ' .. '. ; ) 

•••:·: :::'••'_: .... ·-,' •••-: •,. •. _•_•:, .••·,',•:,..-• ,\,••,•A~:\•.•_;, __ ,r:.:_, •. :;•:,.''·• ,::,•~:.,_·: , .. •, .~•••:'•••,;,·, ,, __ •. "••,•,~•-:•,-':•. •::,_· ,',•• 

, iive hours 11':l a . 3 1., flask •.. :( Th~ · r,isulting Jnass: we.a 
, . .i:: 

'!-•;. ;:, 

added ~lowly tio,an. lce-,vat.;er•.mixture. 
' ' •• , ,.· •• " -~ • 1 • '. ' -~ 

,· ,s,: .. 'r,1· 

layer· was. sepo.rateq .eila.' -~it;a~ted wj.th two 100 ml. 

portions ,of.berlzen~:. . The. cOmbibed benz_ene. extracts. 

. wei>e thoroughlJ mix~~.·;~~ ·Joo.· ml•· of 20% . fiodi um 

hydroi!·def?a~ ... th~. ··:~6diitm:.>'h~rox1de·•·· .... ,sol~t16~···:,·~as 
} . "',::_.~.· ._,,::.-·/:,:·.·.·.·~·· : ·-. ; .,~ <"•,, ._-.... ·, ., :, ·.< 

thari aoiditled ·and ether extracted. The 'ether .· 

• I' I 

~• · (4870. of_ ·.u•fluorophe,n:01~ 

-~.·•·.·.·.·.·•··· .. ·····.O•·.·•··.··.·_·B .•........ ··.·.··.: 

, . 

; ... p 

109 g. ·.(l~O ·mole). 8• ( l.O _mole) 

·218 S• 90 g. (0.80 ·mole) 

% Yield = o·.ao ·= 4·0% 
2.00 
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Approximately 800 8•: (20 moles} of a.nhydrous 

hydrogen fluoride "as added to 218 8•. {2.0 moles) of 

m- mu:Lnophenol 1.n· ·a 3 l. sta.'inless steel flask equipped 
,, .· ' '. ' 

with an ett1.cien.t mechanical stirrer,: and was main--

tained at a -temperature 0£ 50 O. by means or external' 

cooling. During the oour.se of an hour, l.66 g. (2.4 

moles) of ·solid sodium nitrite were added. The .. rea.ction 

mixture w1.u1 then attached to an ice-cooled., :reflux coil, 

allo,ved ·to .come to room ten1parature,, and then slowly 

heated to -45o o. until nitrogen· gas ceased ,to be 

liberated. 

Dilution with ice \Yater, followed by.steam 

distillation, gave ·an lnsoluble oil which was dried 

over calcium sulfate and distilled to yield 90-g. (407') 

of m-fluorophenol, boiling at 85-6° c •. at 34 mni." 
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EXPERIMENTAL 

N - Synthesis of o- Trifluoromethyl phenol : 

. 96% 

_N_a_O_H _ _,.N_o20-·. C F

3 

57°1o NH2 

88 °lo 

·o-OH 

Fuming 
H N0 3 

-5° C . 

H2S04 
C2H50NO 

Cu-Bronze Powder 
88% 

6 _~ °lo 



; ·: ·• 1 • • 

; .. . .,· .t''. ; 

_. ( Oll39,()l20:..'· 
' f 

Two • moles or m.-s:ndnobenzot~1flu.Qride (322 .·s•.) - ; · ' ' ,· :·,; ... 

and e.pp:roximat~ly an e.qual weight. <:>f' acetic,) . ~~ride 

. '·w~re refJ.u~ed · toge_ther:. _-'for · :~4 · hc:nn~~. :>.; The . · ~cetic. . · · .· 
• I. • ~, • , ' • 

. , anhydride was' 1n · large tneasure remoyed by dist1l'iat.1on, 

<atld the•·. rema.1n1ng ·.solu.t1on . poUJ'ed. int<> ci,ld wa.ter, 
. •·,.,' . ' -·. · . ' . 

. . . The result1ng _.solids were f1lteredr washed, and i <.ir1ed; . 

· ... ·· . i} y1;id, 3B~ g~ . · (e5%) .of ·crude a..:trifi~o~Oinethyla~e tan1l1ci~. • 
The crude mated8'l.; me:lJixig lat 101.2<> • ~Qk:0°,.(~!:t. • J.03())' . 

. :was suft1c1cntly ',pure · _fox-. its desired ~s$• 

lizatiori .. troni hot wa~er gave white ·c~ysta~s·, 
.. · at 102.4f·- 16a.06 c. . ' 



204 S• (l.O ,~ole) 

204 g. (l.O mole) 

,- % Yield ,:: o.57 
1.00 , 

·', . ' 

'flaOH 

206 g, ( l.O: mole) · 

11'7 8• -- (O ,fl'l m.ole) 

' · , ' ' ' " 

In a ,2 1. flaslt ~quipped w1tb<a m.eohan1oa~ . · 

$t1rrer, dropping tunnel, and thermometer., , was pl;aced 

one _,liter ~t coneentrated·,su.lfur1e\ acid.. This- w,a~ •, , 

cooled to -.s0 o._, 204 g. ,(l.O. mole) of ·m-trifluoro• 
, . --- · . ·. ·. , 

_metll.ylacetan111de added; and. the mixture stirred :unt11 
-a clear solution _:·,. J\ solution o.f 81 g. · of 

'. turning nitric acid 1n :1qo ·mi. -of ;eoncent~ated >sulf'uric ., 
. . . .: ·.- ... . ' . . 

acid . was added dropwise d~ring one · hour, -while. the 

tempe11ature was maintainecl at .. 5o by the addition 
_of small lump_s 'of dry 1oe, :.The·~, -sol~tfon-:· was allowed 

to warm _t~f room t~mperature and stand -f _or three .hours, 
then warnted. · to 40° 'f'or one. hf)J;, · and · ~ou;~d. '1P.On 

, crushed ice. . The ., yellow, gummy ,pr~c.1p1 tate which 
, . ·, ; ' : ·; '. i ' -

formed gre.dually crystallized , and was then washed 

thoroughly with water. 



Th~. orude 3-tr:l..fl'tioromethyl-4-..nitrotuietanllide 
wa,.,s 1tnmed.1atel:1 added to., a: .. soiut1.on of 200 .ml.:::.ot 
5J:f aod1Unt h;fdroxidef1h--'"/s,o !Ill. ot alcohol~-. Th; 

. reault1ng dark s01uuoijw~a·· ret'lwted for 12 hours, · 

evaporated to· abou.t tlfo-th1rda ita ,o:r1ginal. vol~e, 
and· ·•poured '.into· ;-a. large; \;ru9:r1t1·.t~.· of cold> water•:, ;rflle . 

', • • - - ,. • • ' " · ', ·, < ,, : •• ;, .·' 

. • . 

resu+ t11:~, so~idsi. were ieolleete(i, --~ashed Ji.th ,,~ter, 
ancl !lr~ed1 aµd, :r1~lded' .117 g•·•(57)1i) ~r.,2.;n1ti-O-

., -., ; -, . - ·.. ' ', ," · ..... :.: ,- _. - • . -. ; - .. · •, .. ,' ··. ·.,' ~,',:. . ' , ' ._:.:,-c -·,": .n ,::·i'. •~ ·' .. ,'. 7 • - ' ' 

· s-am1nobenzoti:td.~1.~<?.r1d~ l.•·. 1n~lt111g. :at 12q .. 12s0 c • 

. Preparation -~.t··o·-N1trobenzotr1.fluor1de ;6~ - • . .. • .. .. ; 

206 -g. (l.O mole) l .91 S• 
· 117 g. (b.57 mole) · · 95 g.· (0.50· mole} 

0.50 '6 .Yield : ---- : 88% .. 
0.57 

·i 

A solution consisting of 117 g. (0.57,, mole) 
' ••• I , , ', !' 

of orude 2•n1tro•5•am1nobenzot:r1fluo:r1de in 500ml • 

. of 'absolute alcohol was cooled ·to. o0 o., .and, with 

stirring, 102 g • . (1.04 moles) of concentrated. eulfur~o · 

· acid " was slowly added. The solution was maintained 
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·.at .. _.-o0 ·o. wh1le··79_ g. {l.04 moles} of ethyl. n{trite 

was_.add.ed dropwise over •. a.period. ··of 45 minµtea, 
:··' .· ,·· ' ' ..... -.' --- __ -- •'_ ·.·.·- •·---- •.-_:_·, 

At-ter a.n· add1t1onal hour, th.e solution .was allowed 
,.·· . .' :,_ -_ ,_:-·_··:, ·-_, 

. to warm to 158 ; and l g. of copper-bronze powd~r. 
was added,· .·Evolution :of nitrogen. began 1mm~d1at~ly, 

and the mildl·y, exothern1io · reac.tion WEt's allowed ·to 

· proceed until the temperature . reached 40°., where•·• 
' . 

it was held untiltb.~ evolutton.of n1trogeb_stoppt,d, 
The solution was then bolled tor· 15 _m1nu.teuJ1 diluted 

with X 11 ter of water; and ext:rao'ted ·with five 150 ml. 

portions of chlorotornu 'The chloroform was dried 

over magnesium sulfate .. removed by distillation, 

and the resulting oil fraotiona.ted toy1eld 95 8• 

(88%1 ot g•nitrobenzotritluoride, ._.boiling at .106• 
lOSO O. at.20 mm. 

Preparation of ,2-Aminobenzotritluoride: 

191 g. :(1.0 mole) 

· 95 g. (0.60 1ttole) 

% Yield: 0•44 
· 0.50 

161 g. (l.Oniol.e 
._ ' 0 ·~ ·, ' I 



A mixtu:ra.·•·of JJ5 g_.): :to .5p .. nible)i '.:6-t .: .e•nitp·~~ _ 
;u~11z6t;I'1f +li~ridEI ruid•··•o .2·•··· l!,,k···oi ~litiniilm J£.¥e·, V(aS i . ·. 

,.F ,< _.':,/ :~•:: .. _./•,\. 

-s~~kew:,vitn ··_hydrogen. ;··!ri ,~·.··.·.P~:r:r_··~t'Clro_ger,,.at~-?i .iat .'.\_: 

·;se .p.,;.1.,.µJlt11 • nq Jqre": hf dt og~n ?~.·• ,aQ~orl>ett~•·· ..... ... ··< 
The. Water '. and Cataly~/~~i aep~rate~ •and th8 ~~amino-
~enzo~11~iuol'ide :d1 eti:Ued}B ( eJ~e;o O ;, l1s llll!l. ) .·· 

... ,. ·· . . · .. >: .. ,.·. :_:~ ·,., .. ,;\· ·<:c 

· • ' . . · , 

. Preparation of .9.-Trif-luorornethylphenol: ·. 
. , . -· ·~ 

' ~- < • • 

M2S04 )- ._ 
·•-•.:~····. ·.•.·······• ·.·o.· ... ·.·F3.·· ··•·o· H> ,. •-·.' 

· . ' • .. : .·- , . 
·. . . ' 

:J.a2 g,-.:·,c1~:o ·~c,1ei 
·'4rf g. ' i( .0.29 .·:rilole). 

'of >80() nt~-~'. ·or .. wat~ir. 

, 220 . g. of :sulfuric acid, ;·and. .:71 g. :Ao.4.4 mtiles} ot 
: . . . . ' ' , ; : .. : . . . · - . . .. . , . 

Q-amincibeJU~otritiuor1de •. wu ... coolEIL\ tc) 50, tind <35<6• 
(0~50m01e) ·· Qf•; SO(iS;umn1tr1te waa slowly ,added, . With 

• ' ' .. , ' . . . . . . • . . • ·. f, . , ~· . . , 

vigorous agi tat1on.• The nd.xture . was'/ st!_ :r_.·.•rea. ... for 
• ' -f ' - I • 

an addit,;or:utl '1-lalt hour 'and:' then -~lowly'.warmed to 

so0 , ma~n:talned : there tor- one . hour• i~nd finally 



s'team. distilled. ,The reault1ng :oil was .extttacted 
. ·- . . . . ' . . _ -

. _with ·ether, the· ··ether solution. dried· over. .. calcium 

sulfate, · the: ether .removed ·by:: dist1llntion,,<and ·tlle 

. oil fraetionated. · tc; yield 47 g. (665') of' .2,-trii'luoro• 
.:, ., 

_methyl~h~n6l, tio11;ns :af 83,~83°_ o. at -2~nnn,. 
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EXPERIMENTAL 

Jl - Synthesis of Poro- and Meta-Trifluoromethylphenol 

p-Trifluoromethylphenol: 

6 

0 
N02 

Br2 
Light 
1so 0 c. 

HCI 
· Sn Cl2 

82 °lo 

... 

m -Trifluoromethylphenol: 

Na OBr 
42 % 

6 
H2S04 0 Na N02 

3 9 °lo 

NH 2 OH 

-:-:-:-0---6 0 H 

Sb F3 .,. 
68 °lo 



OH 

·•~· . · ... .. · ... (]:·oa>fa 

····· ·•·····•······•··•·••··• : •··· 
-;· 

\ {~ \: ~;_ ·\7_. -: : 

:· 13?.'.>•g./ ( l.O. inol~) 
" .· :,:':? ~-> . . ' ' 

' i .' \ - .. : , •::; 

374. S•.i (~.o -· molel',' ··:':· 

' 96 --g. f0.70 -tnole)' iio.·/,.,s, \.- (0.294,~oie)·.' 

In a 500. CCt tla·sk supporting :,{-reflux· 

co~ense:r~ d.ropJ)insifunrieJ. an,;}. 13tirr8r{96 go (0~'7 

_ ~o-lel 0~ .s.•n1 trotoluene· w~s .. heated_ to · 195°, '·and : rapi~ly'· 

agi.tateci WhUe 280 g. • (J..75 mol;s) of' bX>Ollline was 

added dropwiee over a per-1od of twq hours. The 

;result1:hg sol,1d material :·was .lee.obed. with J.~51. ot 
_hot .petroleum :.ethe:r; oon1¥id~·rable tar w~s left behind. 

' , 

· it1>th1s· process.• - 11he, petroleum ether 'solution was ·· 

eVap~rated . to 300 mi.f and ~h~lled t~ ' cio. Tlle solids · 
. \Vere then sep.arated . and'·d1ssolved ·1n·_4oo irn1. ot hot 

-methanol• ~.ndthe res\llting··solu'.t1on: ·poured, -v,1:th· 

stirring, into 2 l. or ice water. The soiidsV1ere 
,.-·:,· ,.'·,', 

filtered, washed with cold water, and added to a cold 

sodium. hypobrom1f.e solution consisting: of' 180 g. · ·or 



bromine, '180 g., of .sodium rrydrotlde, .and 1500 ml. •. 

or -water. The suspension .. was oooasiona.lly· she.ken 

anct allowed to stand t61" .two de.ya at room .te1nperature. 

The solids were· separated, washed,-•.·- and·_ recrystallized 

r:rom 110.t methnnol to y1eld llO g. (42%) ot l!-nitrQ-

benzotribromide, melting .. at 82-83° .(Lit. 86) • 

< .••· . · .... _ · .. · _ . .·· - 62 Preparation ot ,a-N1trobenzotr1fluor1de . : 

374 g. ·( 1.0 mole) 

110 g. (0.294 mole) 

N02 

191 g. (l.O n1ole) 

38 g. {0.20 mole) 

, 0 •. 200 _. % Yi.eld : ---.--= 68% 
0.294. 

A mixture of llO g. :_(0.294 mole) . or J!•nit:ro-

benzotribromide and µ8 Eh (0.52 ~ole) of antimony 

fluoride was heated fn· e.·- s~~l.1 _ round~pottom flask 

supporting a. co~den~e·r: ~et, tor d1stlllation, un~i~ 
' ·~ . · •. '· : ' . ' . .. .. ' ,' .. 

the. mixture waa. el'.ltirely me~ted. He.a ting was,. otm~inued 

and the m1xture_d1st1lled, firs~ at atmospheric pressure 

and finally .under reciuoed pressure. Considerable 



.~qlid.1flc~tidn ·•··o&our~ed· ;!1.ri):>tne condenae:r~>- ·,:The 
\,--. ' ,:~:. ·;_. ... .. /._"~~:>~.;, };·\ ,'•' 

.diatili~te:. \vas'··th~n .. diis's~i ~ed, •. '.ln. ·. J nilxture.·· :' otF:1oo··m1 .• · 
\ ':•,: :;• ,),:,•: " I < • • '• • • 1' " •~ • • \ 

.· of ether: and ···a ·- •ia:t·~ / 8XO~SS /Of .. ' 12N hyd:roohlorj.o .•·. atJid~ ; 
,-.·:• .. •·. . .··•· ·.·•··.··· .. ·,. · ... <:: .. · ... : r::c,.:._,/···.•i. ';tt;ii if,, ,.,, .. :;,:.-,.i ... ··. _.;-•. :·,,_ · ... i::.· ..... · .. ,:· ·./· ·, . •·· .. · .. .•.•. ·., ·······••·····. ; .. _. ' 

~.he•• .. ·~.~er .wa~•· sepax?~tediwaafu3d.• Vl.1th •. l)n i.:xces~ ()1' 
; lO% ···,~Qd1JllUh;d;oJt1~e~··•dfied·, ~ver ••. •. ca}ci\lin ~~{~t;.· J· 
..• aM •.·d1sr;1#:~i. :.!~f e}{ ... .. f ~o~.~~%}(or ·)l~ i~~b~n$~:-..... 
. trifluorid.e;i · :bail1ng :e.t .84-85 <:_·-{16, mm.). <_ · 

' . . ' . .. · .. •• ·, ... ' •.... ' ' ... . , .. ,: ' . _.'.-• . ' :··.- . ' : . . .. '' :'' ., \ 

-._. - ·: 

' . . ' ' .. . . 

solution of -loo.mi~ of alcohol _and 

150 .m~. or' _concentrated hyd,rochloric' acid was added 
, >• t > I I 

, ':38. ,~ •. (0.20 ':mole) ot·.J?.-~1 tro'benzot:r1tluor1de . : The 
,, ... :.· .. • ' , , . 

mixture .~as , stlrred. and 200 g •. of etann·oµs .chloride • 

was . added over the course. ot: :so·: minut~s·~ while. the-. 
' . ' ·,- . . ._-. . ' ' ( .. ~. ' 

·_; t~mpera.ture . was mf:!inteined -e.t eo0 • .-The ·mixture -,,as. 
heated tor an additional 30 minutes and then poured 



into .. a mi~ture ot. ice and 500 ml. or. a 30%: sodium 

.hydroxide· solution The resulting mixture was ex~ 

tracted: ·with ether, tha ether ·solution ··dried over 

calcium sulfate, the solvent . removed byd1st1llat1on, 

and the result.ins a.mine distilled to yield 26,4 g!J 

(82%) of ~-aminobenzotritluoride, boiling at 89-90° o~· . 
(15 IfllU•) • 

Preparation of J?-Tritluoromethylphenol; 

OF ·3 

161··· g. (1.0.~,mole).. 

26.4 g. (0,164 mole) 

162 g.· (l.Omole) 

.. 10.4 g. (0.064 mole) 

%.Yield.= 0•064 = 39% o.1a4 , 

A l l. flaslc'·equipped 'w1th,a mechanical stirrer 
\ , • I 

was charged with 200 ml, of water, 25 ml. or sulfuric 
'/'·', 

aoidJ.and .2a.4 ·g •. {o.l64 mole) of R.~flld~obenzotri-, 
'. " ' . . ' . . . .. . ' . . '·, 

·t1uor1de, .and th~ mixture cooled to s0 •· Slowly, 

while the temperature was maintained at s0 ~ •11.'7 g. 



(O •. l7<mole) ·of···socU.um;il'i1tr1te· dissolved. 1n· .30 ·ml. 

ot water was added •. ··T~e re-~ulting clear solu.t1on·: · 

' was' gradually ·wa~edl maint~ined. 'at· so0 for 30 m1:nutee,",:: 

. and 1&fa:iam,,·dis~ihed• !the reeultin~ oil. .wa~ Gf;l'a~ted · 
:/ ' :· \ '\),, 

with etber; dr1ed:.:Over'oaicium_'fiulfate~ ' and<d.1st1iled 

at· ao--a1°. (16'.'~•li:":to.·yield 10.a .g. :· .. (3~%) 
, · ,, ' . ' . , · ' '. ·" ' ' 

. , r.-; .. .--
' ' . . ' "' ' . . 

_,.e,-tr!fluoromethylphenol. 

161 8•; (1.0 mole) 

ao.5 S.• (o.s :mole) 

. OH·•. 

·(JCF3 
' ' 

.162 S• (l.O mole) · 

53.5 g. (0~33 mole) .. 

A 3 l. tlask a.quipped w~th a mechanical · 

stirrer was char,ged·:w1th s~· ml~ of water, 65 ml• 

ot sulturiq acid,· and 80 .• 5 th (0~5, mole) ,or m-amino• 
' , , ,' • -·. 

benzo~r1tluor.1de •: A ~eavy white . suspension was 

obtained •. , ·This ~as cooled ;to 5° and 38.,.o 8• (o~:55 
' ' ' . · , ,·-' ' , - , ' ' ' 

mole) of sodium nitrite diasolved·,in 50 mi. of :water· 
' ' 

was slowly added. The resulting clear solution was 



gradually .warmed to. room temperature, m8.1nta1necl at 
' ' . • I . ,· ·,··I.'.(···., 

so0 for one hour; and then . steam dlat1lled • The 

resulting oil was extracted. with ether, .dried over 

cale.ium. Sulfate, and .d1st1lled · at 84-85° 0 • .{23 mm.), 
to yield 53.S<S• (66%) ot m-tr1tlu.oromethylphenol. 
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EXPERIMENTAL 

:szr- Synthesis of rr- and .o<.-Y- Substituted 

Fluoro Ethers 

OH 

~·· 

R 

« Substituted Glycerol Et hers: 

C2H50Na 
Cl CH2 C HOHCH20H 

30 - 80% 

cf....-Y- Disubstituted Glycerol Ethers: 

OH 

Q 
R 

2 C2 H50Na 

CICH 2CHOHCH2 Cl 

72- 81 o/o 

R= -F{o,m,p); -CF3 {o,m). 



_:. .. ··~· ·. . ·, ·'. 

· mtg~ · (l.o mii~? · .. 
ll'."13 'g;· ' (0~'1.\ tnO_ l_. ____ e_•·)_ ,~: __ _ 

,· ·,_ . ·•. .. . 

-:_;r -rl.86: _g~ ··-~t1·.o· mol~_) 

,::14;$::, g1
~ )J9~077. 'mol'e) , . 

· ( 
~f-,f . 

:.'t .. :\ . ·, 

0.011 _ ,=: .. . ,77fl. 
:O.lOO'··•{;, . 

, . . •' . ', : "• 

sod.1lllli ethox1d~-. sqlutio~,, ··oonsi.s:ti_rig · 

of· 250 ml. or _}abaolute •· alcohol knd. ~·2.~.:s.· (0~1.· mole} 
J,° ':! •,·:. :, 

·,·,:1 

· ot sodium .• . 11.ff g.i (O.l· moie ),_;:o_f' _.s•.fluoropl'lfJnol \VElS 
- >.-. _-; ,;·· ;", 

.. . added• . . _Glyc_ero1-/ ~ ~m:onochlo1:1ob:ydrin, > {12 .1. ·g.·,, o_.ll · 

. mql~) waS added 1;o theYresuiti~ cie~)l . so1u.if()n, and · 
. the niixtu?'e, 'refluxed OV81'ri1ght • . . The :.i'ttalt was. ~emoved 

... _ · . ... ·-_. ;. ' ' • . ·_· .... , 

by. filtration., the· alcohol by dist1lla~tion /unde:r . 

· atmospher-10 . condl.t1ons, '-and ' the ·resu+ting··o11'· d1s~:-· 

. ·solved in· ether. The ethereal solutfon ,was washed/' 

with a dilute sodium. hydroxide solution, ·_: tlien with 

dilute hydrochloric acid,· and ,.finally·· wi tl~_ Water::·. ,~ · 
' ., '· ' . -. . . . . ,. . ' . 

and dried ove1( calcium sulfate~· The· ether was re~. 

mbv~d by-distillation ana.· the reshlt1ng ·:01i trnotiotie.ted. 
. ' , ·· -:· ' · -· , . . :.- . _: . ....,, ·, :, .. '.,: .. 

_ to yield 14.3 : g . ... (77'%,f .o:r 3-{2-fluoroph~tloxy)~propan-

1,2-diol, b~1i;llg 'at 154 .. 156° f4 llll!l.). . The high• 

. boiling oil soi1d1fied upon _··cooling and ···was reorystallized. . 



;from elther: a ·penzen,e~·skelljs6lve A m:t,xture or from . 
. . ' . ' . '. :·' . ' . ' ' ~ . . : . . :· ; . ·.. . 

-th~p]?bdttet ni~lting ·at ,. 42-4s0 '.. c).:', 

:,.nal • . Oa~cd.. for ::o9H11oiF; -'. c.· 58.l; 

H, a.o~ .Found .: o, sa-.a: ,)'a:, ._ 5.ih 

; 1 _ .' ' 

'l:~1a compound •as prepared.. f:romm-tluorophenol 

by- ·the {5eneral ·m&thod described in the pr~ced1ng sectio~, 

·.u~1ng similar .quant1t1es .e.nd::: techniques. The yield 
! . . • i ' : . . . ; . . .~ 

. or· ,3.(3-flu~rophenoxy),-propan-1,2-diol·, _boiling e.t_. 
,, ' 

162-1638 (4 mm.l, was 11 __ 2 g.,_· (61"): ~~P• 47-48°. 

·Anal. · Onlcd. for 09H1103Ff o, 58.1; 

··n,·:,6.o. · Found: .o, 57 .. a; _;0 ·H, 5.9 • . 

Preparation 

. . 

using the quantities -~nd.; '.t~c~·q~e~ ind1catect 1n the - .· 

preceding sections. '!!he ,y1eld,_ 9f -3-{4~fluorophenoxy)-. 

· pr~pan-l,2-diol, boiling at,: 163-164° ( 4 mm.) was 

. 14.9 g. {801'>': •·. m.p • . '5;3-:-~4,~~ •. , ·l~ · 

-~. -~ .. ;: i: ', ('':. ·,, ,:-·_ ( :~-...;: ... -. 

'Anal~.· Calcdt for ··0'9H1i03F; ·., . c, 68.l; 
.i.. ·. _-. .:~ : 

:< .'· ·. ·, '·./ ... ".'.·· .. ; . ' . ', ' 
H, 6.0. i~ou;tldl: : ·o, 58.6[ Iii' 



·· .,,;,: . .. , /, ; . 

Piteparatlon· of 3-(2'~t:ritluor0tri~th:yl~he:n6xy}~:propan-l;p2.~1ol l· -~ .··' 

.··3'. ·( 2•tr1tluor01T1ethylp~EJnoX7) :propax:,-1 ,2~1ol . 
,·_, . . ' ' . --.;· . ' ' . ·. .. ' •.,. ' ' . ' • ; 

·fr~mil'7.fl g•co·H inol~) •. o;o-trit~uoromethylpheXlol. 
· .. ·BeCauSe the . 5!:trit'1io;~~lth;iPh~ho3. .18 riot . '3tab18 .·1n 

ba~£e s_olution·•·· the •.sodium ,etboxide :,soiution _- :vraa · 
••. : ' • . ·. ;' .. ~_· . . :_._ ' ",,\_ \_ ' .• - . f j~ ! -- ,j .. _<; -- .· "'-.~..::·· ·. ; .. ', ·,,::.··. ··- ~- .\~·~:,,/ :_>:· .. ::~··. :· '-" :: . . . 

added to s. .· ,s11:gtit ex~~ss :o.r ·.: the''··phenoi~·' ,'. Aiso, ' the. 
• ' 1 ·• ••• ' ' . ." . ·., ,, . ·= ' . \ ) 

011 tlnallY'. ·obtained ,waa .·not :_washed with dilute ,sodium 
· ·. . _--_ · • :·· · .. · ·,·: ... -/ ·:,_ .; ·_:· ., ? '· , .. r i ·r-:--•-.:·:·. ·(, ~·> _-:,- ;. · ":, --::·/ _· :::·_, · -· 

hydroxide ·, . but .. ·was, ' 'tr~ot1: ona ted . di :re ctly • . . ' Othe'rwi se 
,.. . ·, . ' '' . 

; . . · • . . ., . . . 

thei quan"tft1es an~ techniques ·are . similar. to . those · 

: described•.· \1ni the :preo.eding '$eot1ons~ 'The yield '. ~t .. 
,. . 

· 3-(-2 ~•tI'if iuorome_thy lph~noxy )-propan-l, 2--d~_o f, •-·· ·boiling 

.-~t 150-151~· .(4 mm .• '} wtia·· 1 .2 · g. {io%l: .. m~ '.il. :. a3.a4<> 
. ' .·. 

. . .,. 

; ,Anal • . Cal.eel_. fop o10a11~3F3i _· .o,· 5o .• ·9; 
• • • . .~ I_ ·, -., 

. H~ 4~7~ : Found::. ' o,. 50.BJ H,·::, 4 •. 8. 

. . 

Preparation ·of ·3~(3-trit1uoromethfrlphenox:y}•prope.n~l,12~1ol: .. 

3-(3-trifluor~ethylphenoxi)~proJan-l,2-diol. 

· was prepared from :1'7.8 g. { 0~1i mole) of 111~trlfluoro-· ·-· .•. .. .. " . .. ·-. , .... · .. . : ·: . --. __ ... ·-_,·· . 

·;. methylpheh~l, 'by tho --_-ge~ers.:{ iuethcxl deso:ribed' 1n ·. the 

< preceding sections• · m-tv1tluorotn~~hylphflnol/ 1~ 'sufficien~ly _ 

··st:able in ~asio ·· so~tition .:to . aii6~·· th~:·.0:1.i ';bbi~·i·n~d .' to b.~· . 

.. purified by washing ,itb, a dilUte a~iilln ~tdroxide 
., . . _-, ·- . _-· .. --_,--. . . 

solution • . The yield. of 3-(3-trlfluot-ometh)'l.phenoxy)• 

. propan-1,2-diol, ; 'boiling at f53 .. _l55~ : {4 mm.). :· wa~ 



15.6 g. (66%lt. m.•P• 52•53°! 

Anal.. Os.led. tor C1oif1103F3: o, ,6().9; 

4.7. Found.: o., 51.l; · H, 6.0., 

112 g. (1.o·mole) 

11.2 g. (O.l mole) 

·2ao 8• (1.0 mole) 

10.8 g •. {0.04 mole) · 

% Yield = o.oa = soi 
0.10 

To a solution of sod1um·.etno:x1de prepared 

by the addition of 2.3 15• (0.10 inolel, of sodium to.· 

250ml.·of.a.bsolute alcohol, there.wa.sadded 11.2g. 

(0.10,moleJ·ot _g_-fluoropheXioii Following the add1t1on 

of 6.5 8• .(0.06 mole) of gl70erol• d- ... y- -dichloro• 

hyd.rin to the resulting ciear·solu.t1on• the mixture 

was refluxed overnight·. : Tb.e salt wa~· removed. by . 

filtration, the· alcohol by distillation ti11der a.tmos-

. ·pherio cond1tfona, . and t}?.e res~ltinif 01r"wa1i' .takJn 
up 1n·ether. The ethereal solution ,,as.washed.with 

dilute sod1uro hyd:r-oxide; ther{ with' dilute; ·hydrochloric 

acid, and finally with water, The ether was dried 



.. 139..: _--
; : ... , '{. 

· Over c~lcllnU .Sul~;t.ej jemoied ~1 .dlst111at5.6n, ~ / 
· the ·;e~ultihg 01i t';e.~ti~~~te; ' i~ yield 10·.a g/ (ao%) 

. . ; . . . . ; ' . . . -_- . :_ , ' , . . '•· ,_-. . · __ . . ' .-_-; _- . . ·_ - .. _ ·• :. ; . , . .. 

_,,'or·-. f;·~:d~:Al2~iiuoroph,11.o~y.).1.2-p~opfuld1 ;··';: b61,~ih.g ::·~tii: ·--.-: . 
. 180001~2°'. (3 mm!, • . . !Ch: hi~~bohi~~\~11 si1ic1ir;tl~ / 
upon ·,co_oling·_ a~·::· \,a~- :re#;yst~111-:zecl.i--·frorit e-1.ther -· a ;-> · 
benzene.:..sk~llysolve '.i\. m1xtu~e· or : from ethe-r,- ·to 

-. . . . . ' ·. . -~ . . . 

a product <m~_lting at · 53 .. 54o. 
Calcd ·--'for ' .o:{9lli403F2'l 

H, · 5-.0~ ' Found: . o, 64~'7; , . . .-H,: _ a.4. , ,Y 

·Preparation: _of 
. . ' ' 

. . _ · l,3-di-(3:.fluorophenoxy) .;.2 .. propano1 ·was 
; . . . .: ,-.. ' - . - ,· . .. . . . 

prepared front m-tluor-ophenol ,.by the :method: described ... ,, 
, · -- .. _· :, '- . ·-. ' ;- ·.~ ·.:-, .... ·.· _•. ,. ._·•. . ' . ·· ·-; "- : . . . ' ' . . .. ' .~. . ·'. 

1n the preceding , sect1orh ' ,. Th.fl '· yield; was 12 .1 ' g. , 
( 86$); . '•P • . 'l.89•:I.90° }4 tnm .u m .k'r 61-62? • 

-·~•-' (Ja;tcd. , for o18a14o3F2: 
J:i, 5.0~ Found:, ·: o, 

Preparat'ion •:_ of l,3~1-~(4.-fluo.roph~no;xl·--2~:ero1>ari.~ll.< 

1·. 3-di-( 4-tlttorophe·noxy).•2~propa11ol ·_•· ~as 
' , 

prepared fro~ Ja.•fluorophenol· as :·described · 1n · the·. : 
above _sect1o·ns. The -,leld_ was 10.l S• (72%); .•-·. b '~P• 

192-193~: (3 _mm~l; _ m.p.: a1~a2°-o. 



H,,. s.o. ·· ·Found: o;· ····s.4.s; :a:, ..•.. 's~o .. 

}:reparation . ?f. . 1, 3-d.1 •I( 3•tr1fl~or6me thzl12henoxzl :.2-~:ropanol I ; ·, 
\ . i ·:,.. • ;, ~:~":.{. - :':.. ;. ·,; .. ·, ,-•'. ,.·- .. , '·. - ; ':- t - - - ' - - .-~ 

v._ :',;-~ "' , J . ; ~ , 

·, . l·, 3-di ( 3~tri tl :.ihro~e thyl~henoiy}~2•p~cp'ano.l ··• • . 
was pre~a;~d aoco1~U.ng it() •,the' ~X~<l·t:' pro~edure described . 

tor ·· ...• ii~.3~d.1.;· (·2-tluoroptienC>xy)·.ff.propanol ,i ·.·except ...... that 

J.~-~ ;s •. ( p.i). mole). ot ni'-tl'ifl"OrOlll,~,l.ptienJl. ,as . 
subs ti tuted•i f or.••··the :. 1~-~·•~··· ... · 8• ;····or.·•· a--~l~orop~'3n.01·· !!!he 

yield :of·:•PtmE) prociuct·was ·13.0 g, (68"); · b.p~ 165~ .. 
- - - . . :· :·;., 

166° : (0.5.,mrn.·) J i·ni~:p~· .68-5~0 • 
·.:··.> .. -_.· ,·, __ -,· ___ , ___ . 

.. ·:Anal~ .: e.a.lcct •. to:r. o17H14o3P6: .\O·, 53~7; 

Ii, 3.~7. Found: Oi 53.9; . H, 3.9. i 
··;•.:./ 



EXPERIMENTAL 

_ 1ZJI. - Synthesis . of Fluoro - and Trifluoromethyl - Substituted 

N - ({3-.P~enoxyisopropyl) -N - benzyl-/3- chloroethylamines. 

OH 

Q 
R 

R 

C2H50Na 
CICH2CHOHCH 3 

8-84% 

,,o, 
H2C -CHCH 3 

·Na OH 

45-84 °lo 

R = F(o,m,p);. CF3 (o,m). 

CH 3 I 
-OCH2CH-N - CH2CH20H 

CH R 
I 3 

OCH2CH-N- CH2CH2Cf · HCI Q ~H2 Ro 

OCH2CH CICH3 

Q NH2CH2CH20H 
Alcoholic . KOH 

36- 89% 

R 

I 
l-' 

l-' 
I 



• • • ' ' '> ' •, • -~-

of :l-( 2-tluo~ophenoxy)-2-pllOOEtnOl,~7,: ',_ i ·•·· .. 

· 02H50Na .·· 

ClOH2GHO~OH3 · 

112 g. ·(l.O·mole) 

· · ; ;·.33 .• Ef g • . (o.a· mole) · · ·· 40 g. (0.234 mole) · 

: , ·••, 0.234 ' =. rrs.·1~ ,, 
· :. :0.300 

To'' a 'sodium~ ethoxide sol it.ti on made 'by. the 

· a.d~ition of 6.9 8• (0.,:3· mole} ·()f . sodium to., 250. ·nil. 

of 'absolute ·alcohol, 33.6<·g. : (0.3 ~oleJ of .e_.-.f'ltioro- · 

phenol • .w·as ·added. Pl'opylene mo.nochlorohydrb{ ( 29. 4 · g., 
_·o,._31 moiel .was added 't'o· ~he · resulting clear solution ·· 

, .. ' ·, • '•, ' ,' '. ' 

and the .mixture :refluxed overnight. · 'l'he sodium 

chior1de \1B8 removed .by f11tr,at1on, ·the .alcohol· ~Y ·· 
t,, ·~ '.:.,~· · .. ; . . 

.,d1s:t11iat1on,. ·and the :r~s_ult1ng 01i was fractionated 

to y1&ld ,40 g. (78,4%). of· 1-·c2~r;i.uo:rophenoxyl-2-
,· .•. ·.',4• 

propanol_. boiling at 126~127° (17 mm.): • . : . 

. Anal. . Oalccf.( .for· c9H11~2F: o, 63.6f . 

H, e.~ •. . -Found.: - a,.,· 63~7; · H, .6 . .,7 • . , _ 



::>.: Preps.ration .. of 1·~ {3·~~iuo:ropbenox;y:h+g~:Ql'OP!tnol :-

:; .• frb)l)!ut::i:t:[t::r::::;1:p:=~~:~t:it!td· · 
.. ·ployed. WEiie·~\'~i~fii~ -- t9 i' ti1¢,::se,,.de~'orib~:4,<:1n> _th~ 
. ·preoed1hg section, The 11:1~ of i•(~-t1u~;oph~riri~f>~ . . • ··. 2-,prol)a'nol/~ Co1~;1ess 011, was 36.~ g. t;11%l,, b'.p;. 

,. ·,. : . • ' . . '·. . '. ; .. : , '; _... . .. :.·:: ;_ . . ; ~:_: __ · ::·-_-_:· ' ··_ ,' , , .. 
. . . ·. · .. -.· ·. r 0 :, · · .·. ·.· .. ·.··· .· 

124--125 {17 nun~) • ... .. 
• '·. .' ' f •. ' . ' : • . . ' . . _· ' • ~- ·: . • 

~-(47t1uorophenoxy)~2-propano1· ,va~ prepared. 

i from Ji,-f'luorQphenol in· 84% ,:ield. .undel' th&>oond1~1ons 

·;:_··deseribed· in/ .the· .. preceding: section~~- . It .: wa:a -obta1ned.f 

as -a aolorless 01ibo11fner at l30-l31° '. ci1 ·mm •. }. \ 

Ana.1. ,,-oalcd. for c9n11o2~t-. o, 63.:5;_ · Ii, · s.s. 
'.-. 

- Found: a,· .63·.7.; 

•",• '• -:.·, ,·, :· ', ,·,. 

Prepar_a.t1on ·of . ·•·1.-( 2-trtfJ.u():rome th;flphenOXJ: )-2~pro12anol_: 

' f .. :t2-tr1tlu.orom~thyiphenoxy)~2-propanoi' was 
pre_l)ared .. by . thei rea~tfon •~f 3.4::o S•. (o.~l .)1t0ie)/ c,r ·•·.·. 
§-trifluoromethylplieriol-, :: '4 .6 g/{0.2 mole}_ of sodium~ 

,and: 20 S• (0.21 mole) of ,proP,ylene_ monoob.lorohydr1n in 

"absolute -alcohol, b~ the rnethod _dese~ibed' 1nthe pre-
-. , .. ', •, ; l . '. i , 

·_ ceding eec.t1ons. C The optimum yield. :of' pure product,· ·· 



' ' 

:''O,,a , co.lorless. 011: 1>011;.ng at 116-117°: tie mm'il, 
' . . . 

Anal. ca1ed-. f o}j 01ofll.1Af F z L O • 54·~5; 
·a, 5.o.. Found: . o~ 54.4; H, , 4.9. 

,Prepara hion . o~ 1• < 3"'tl'if'luorom~thz{f~;!1p';~panols · · 

i,.(3 .. tt'ii'luoroniethy{f~:;:panol • Was · ·. 

prepared .fromm~tr1tluor.omethylphenol according to 
- ·•,· ' ·,, , 

. the d1:rect1oris_-g1ven in· 'the _ preceding s~otion. The 

.· yield 0£ ··_pu'.r~ _, :pr.oduct,·· ~- colorless . 0·11 ··.b~1l1ng· ·at 

120.-122°, (is.·mm.) was 30 S•.· · (68%)_ .. 
, " '. : 

Anal~ ., calcd •. . tor o1orI1lo2F3i ·· o, 64.5.J 

_H, : s.o.-;, Found: a, : 64.~4; · -11;_: .;; i?,•.9• 



' i > · · . . . . . . <> .' .. · .. · .. • . .. · > · 68 ·ire);,iira~:ton ··of .· l-(2-t~u~~?.Ph~~~xy)'-.2-0~\l~~o~~o!)_ane _· : . •. 
·., i ) -~· .,' ····.;:--\\ :. '; ;: ': ,_·· .. ~'' ·, ':•' :;:.~ \ . \: i-; }'1:~ ·, /•·_ ~- -' :: -~- '.:.:.-;,' 

. . .@~Ol~OHC~,~- .. :~:~1ne,: '": 7:.. : · 1)=0H~iOH~. . . 

l!i'O i,i. ;'(l~O m.o.~e) . 
2s.a:· g~ ( o.'is 1nolef 

•·slowly added·: to .-25•8· .. S• ... (o'.15 ·. mole}: : tit ·-,~-(~-fl,~opo-'. _::. 

_: :.Pherioxy >·~2-propano1 •. , .After> the .Qr,181nal>v1goro~s/:) · 
•. · ... reaction~-.·tl~e n11xture ····~~s :·~b.aken:·and•···•aiiowe~- t() _··st~nd:·, 

· \I• ' , 

. untii no ttddltional hydrogen _chlol"~de 'fllmetr- wer~., - ' 
~- .. '·, ' ' .. , 

liberated · (approximately on~ ·hour)• : ··'several drbps / 
. •, . ' ·:,. . . . ·, .. ' ' ' ·• . · , . ' . ' : 

:·.of pyridine> were • ·then. added .and;'_ the. ':ria.sk,::· f1~tt3d, : 
' ' . with a calcium chloride drying tube, was allowed to 

st~nd. over~1~lit. :. '!1he ni1xtu1"e w~s ·then ret,luxed on 

a steam batn'. .for .·1?,wo hours, exoe1is· th1oni1 •'ohlo:ride 
: removed ·· under ·vacuum, and the: :resulting oil ' dlsso~ved / · , 

.. in ether,,; The> ethereal· s.olutf~n :was> washed '·?d th di.lute ·, 
hydrochloric 'acid, dried over calcium/ sulfate, the.-· 

' ,. , , , . ·.- . ~- .. ; . ' ' . . 

ether removed by dist:ill~t1on, ~nd the oil frao.t:tons.ted 
, to yield 27,·g. , ~9510 of l '•(2-fluo;opherioxy)~2-obloro- ·: 
: propane '• boiling at 109·-110° .· (16 min.)· •. 



',, .;_ ·'..; .,·:·.' 

";::,.,.:;,--~:\l~6--:- . 

. ·; Anal_. ;:~alo,~ •, f()t· 09H1·o?F.'Ol:,:{ 0 J' 6,7. 3; 
,., ''',- -,, f .·~. ,: ./ ';. ,;,'. ' ', :: ' ' :. , 

0 ,, 5·'1.,5; ... H, 5.4·t 

' ' ' · :· ;, 

Thia.compound.was prepared.from l-(3 .... fluoro-

..• phenoJCY)-i,l-prpl)anolby the general ~ithod cl.escrib8d 
' . ' . . ' 

in the. pre.cedlnil; sect1·on, sim1.lar quan.titi_e·s and . ,. ,· . . .··, . ( 

techniques being emploYed. The yield of 1•(3-'.fluoro~ · 

Phenoxy)-2~chl<?ropropane.,. ;boiling at 109-110° (15: mm.) 

was 17 g. (60%). 

Anal. ·-Ga.led •. .for: o9H10oFCl: C, 5.7.;s; 

5.3. Found: . C • .56.9; 

. ,, •, ' 

Preparation of' this/oompound.t;rom 1-(4-fluoro-

)phenoxy)-2-propanol'was accomplished by the general 
\ ' , 

... 
method.described in'the preceding sections.· 

' ,· •.' .· ·., 

ot 1-( 4-tluo~ophe11oxy )-2-chloropropane, boiling at 

110-111°: (15-mmi) was 25.8 g.· (90%f • .-

:. ~• Oalcd. _for c9H100FOl: C, 57.3;,· 

a., FoWld: C, 57.7f H,-. 5.5. 



·. •·Th1•a compound.c- was prepared :from: 20· g.: {0.091 
-; ' ... ' ·,;- . . . ' ' ' : ' ' ' 1 . . ' ' ' . '" -, ' ' ; .. ' ' ' ' ' •,' ., 

"-- :·.J ..• _·. ·., './·l \'· ,, , 

mole) :·of __ . l~'( 3-tr1.fl uorome thyiphenoxy)-2-p'ropariol..\ 1 and 
,• : . ' ' . . , . ' ' ' ' · :._ . . - . ·•··' ,,• . 

1s·· g." ( o.a.2 ~ole) : ot · thi_on:yl, o,hloride bJ ·the· 

m~thod .. descr1bed in-the precedtn;g see,tion_a-.· ·_•Th$. 

or ·l-(3-tr1tluo~oni.et4:r..lphenoxr).-2-chioropropane, · 

at 1.10-111°· (15:mm~r:wa~ 14_ g.· (65,-0. 
Oalcd.. f'ol'''c1<}l(l;!;)OF. Oll •··· Of 50;,3J 

H, 4,2. Found; .. O, 50.2; · R, 4.3. ·. 

189_ S• (l.~ ~olef 
37.8 g. (0.2 mole)· 

, i, Yield = . o.1s2· = 
0.200 

213 g •. (l.Q .mole) 

32.4 g.,(0.152 mole} 

'16%, 

· .A .nil.xture of 37.8 g. (o.a mole}' ·ot .1..ra-r1uoro-
,. -· . 

phenoxy) •2-chlorop?'opa:ne . and 61 (h ( 1. O mole) of: re .. -

d1s t1 ll_ed ·et~anolal!line _ ,fi~s heated· overnight at l50o, 

with vfgorou.s agi ta'tfou. ~ne m:tx ture ,;as cooled, 



., d l ) . . 
.. ~. *Q .. 

12 . g. (0.21.· mole) of . po.ta_ssium hydroxide d:tssolvedi' 
, _· -_- . -_ ';-... ': .·, 

ill absoiute ,'~thyl, alobliol added, and the resulting ·· 
. ;,s~lt' ~remoV~d ·b} :· filt.:rat~on:~.' .. 1be alcob.olil,~oiution . 

we.a dried over calcium_ ·suJ.fate, · .. the,.alc.,ohol re1n9'1'.ed 
;. ··_.· ' ' :·,-· _-_ .. _- ._· :. _·. '.. .._.. ' . ;· .. _. _•,, :,- , .. ::-·.··• 

hy d1atillation, and the ' ~•t>sulting oil trfltJ.tion~t~~ 

·to Y:ield 32.4 _ g. · (_?6%l oi11~u -J2~tluo;oph~nc,x1) .. 

. isopl'opy!('.'"etitumoJ,anii~e~ bohj_ng ;t · 14e~149Qf (4 mm~) . .. 
The iuBh-boiling oil .solidified. upon cooling and was 

/ · '. . •·,·. ' . ",,. ' _, ._ · . . · .. :· ·: ·,: , _· ·: . ·.·. ' ·. .. .. ·- ·, ·,- . · . , 

recryatall:tzed from a~·etorie. to give a· whl.te crystal- . 
_: .. . ' . ·. ' ·.... . ·. ; ' . . .· . ·. . :< 0 . ·, 
:. line material melting at 64.2•55~0 •• 

' . , - . 

An~l • . Ce.led. fo~ 011I\~02NF: N, 6.6; _. ·. 

Found: · N, ., 6.8. 

. . . 

\ Preparation :or: lt~/p .(3~fluorophenoX"Ylieopropy.!7- :_ 
· . e thanole.mine 1 

Thi~ compound was prepared from l.-(3-f'luoro-
' - .. . .. ; 

. pherioxy).;;2-chloroprop·an~ .. :t>Y. ,:th,e general method ~described 

· · 1!1 the . precedinli 'seot:toii. · . ~e · Yield of N"'fP -(s-t:luo,:,o~ 
' . "' ' . ·. . ' .. >. '.:: ·. 

phenoxy )·. isop
1

ropy.lfethanolam1ne,. boiling_ at· 150-151° 
'' . . ··· • •' . v_;;,. • ·; 

;.(4 mtrt.), m~p. "<,;o.7-6:L.3°, was ·sa :.g. ,-(89%) .• · 

.. . lmal~ Cs.led:~· f?~ :,011n16o2NF: · · N,· 6.6 • 
. . 

Found: : .,.lf, 9.•~• 



-ethanols.mine _-: :.:-
'- \ , . ' 

~::· . J. ,' 

This 'compound was p]!epared from. 1-(4-.fluoro-

. phenoxy)-2-chloropr~pane_ by the general method descrlbed 
·.- .-,- 3 

-in the preo:ed1ni s,e-~t~;on~ -,, The ;1eld ~f N-ffe--( 4-f'luoro- -

ph.enoxy) 1sopr~pyJ1'-etha~olamine, boili~g at 152-153° 
(4 mm.), m.p. 71.e:...72.,4° , 'wa.a 29 8• (68%). _ 

Anal. Oalcd. _,tor o11H16o2NF: ·: N, 6.6. 

Found: . 11,,. 6,5~ 

Preparat1on ot N-.0 -(2•tr1tluoromethylphenoxy) 

- ,isopro~y!7-ethanolamine: 

This compound was prepared from 7 g. (0.029 

mole) ot l-(2-tr1fluoromethylphenoxy)-2~chloropropane 

and 3.7 g. (0.06 mole) of ethanolam1ne by the_ general 
. . . ' . . 

- ' , . ., 

method described in the preceding -sections •. , The 

yield ·or N-£f'-(2•tr1tluoromethylphenoxy) 1sopropyg.:-
· _ . ·... . . .· ' . •·· . 0 etha.nolam1ne,. bo111ng at 145-147 (4mm..), M.p. 64.2• 

as.o0 ~ was .a.a g. (36%). · 
Anal. ,'Oalod. for o12:a:16~2NF: N, -5.3. 

Found: N, · 5.4. 



. -~is ;- oompo\md'.. \'la:s prepared 'trom :42 "~~-"-·coil "16 
: '. ' ,'.' ' . ' ';< '..:-, . :, _., ·,.. . . :. , ·_: .- \ ' . '' ', ··- ~<·:·. 

.. :, ·-

jnof el tz .. 1-( .sltrf 1 itrome thy).phe~o~y) ... 2-obl~:'t~~Ellle·. 
ind. '6J. go (l~Cl ~le) ot:~thmolam1ne ;Y tll~ >S~neral. .· .. · 

. ··, . . ' . . . , _._ ·: ,.~-. -, <-· --__ -.. _·-.·: ·_~-.. --;:·~, .. , . · .. - - .. ' : t .--~-· - , / : ··· -

·.~ethod···~e•s~,l'ibed':fi th~ ·. p~ced;~g·· see t1ons. ··•< ·ni~ x.• .···· · 
~e1d' or• .~~/J8. (~-tr1fl.uor;,ine th;ylphenoxyJ isopi-6£l,-i1- · 

: " ' : ' ' ' ' ' . • • -: ', ' , ,,. ' • ' ·,- ,.. ~: .. , · • '. : ·: , ' ' .: .' ;' • ' ,1, '·,. .. ·_ ",_' '' • ' • ' ' ' • • ' (. • : • • . ' _' : : • _: < ' " ' : " , ,, ' ' ' • ' -_- -_ '' ' , 

~trlEUl~ia~ne," bo11i~g at i49:1so<>.(f~H: 88~8:-
' ., 

89.2°,:· was ·-34: :g. 
;·• i ., . . • \ . • .. . ,, 

···Anal. -- ·· 
Found: . _.N, _._. 5.3. '._ 

. ~reparation ot N'• ( fl -phenoxyisop:ropyl.) ~ethan.olam:irie : :· 

'l:n1s>cofupound . wa:i·_.prepared from .51 

mOl;) of' 1•1h6hoX}"J2;.chJ.01:'o~l'opane and 92 g. · ( 1• 5 
,'moles} of -ethanoimdne .. by ·: the genElral method des·cribed:: 

. -, . . ·.. . ' . _. . . . . . .- ,- :, . . ' :. . . ; . . 

in , th$ l)rec6ding sections. .. ni«(rte3.d or N{t'-p~enox1-
,ls,~i,rop7l) •etha~olamine·, · ib9111ri~ ~t i :·l62-·l54° ( 4.: mm~_,)·,.- . 
---• : .· .. ·• .. ;<o i . · .. . · · . . • m.p. 64.8-65.3. , was ,44 g • . ('13%) • · 



'Preparation·.ot<Ni/fl-(2-tiJ()~~phenoxy) iaot>ropyJl 
· -"•·· . . . . . ·• ... ·: :'•: . . . .. ·,:.·.·•··• ,. 50 ,69,'70 

•.'•N~benzylethanolamine .·.·•.•.···.:,.····· • 1 

·213 g. (1.0 m,oie}'.<~ 
't- ',;,, ., 

l7·g. gi;((0.067 mole) 

·,, : ' ' ' ' ' 

· ;., , · 

Ii solution .cortsi$t1rig'··~f ·1do •ml·.,/ .~f 
' ... · ·. :-···.·ii ::.·'.·}::, ..... • .. •···.· ·· .· .. ·.,:, -:,\:,· ·. ', . ·, 

·alcohol, 17 ·g. fo.oa moi~)·,, .. 9f N-~~(?•flu_orophenoxy) . 

1soprop;vJ7•ethanolam1De,j~{f sfiq
0

iria moi~) ..• ot 
. . ; ; ·, .. ' ,, . ·. ' . : ' ._ ' ' ' . ' " ' . . . -~. 

carbonate wali) vigorousl{a~tated a~ roff\lX.ed for 
,. twenty~four· :hours• ·. The so;U.ds v1~re · :reriloiied. by til- .. 

'/ ,_ ·. ': ;:. ; ..• • .... -.·_. · .. ' -. '-~ _- i ,. ' . . • . . . 

.. trat1on,-the·· alcohol. d.is~:liied,:- and: t:6.e. ~~ault1ng 
:,• • ' :._'·.,~- i .· -:- '~ 1·: '1, I 

crude oil dissolved 1n 269 ml •. · ot l~ hydi.-~chlor!C 
acid. ·. The acid solutio~:,;,a~· cooled , to 59/:., ar>.d _6 ~9 g •: 

-!:'.. ', .·\ '_.- 1': ·, . \' ..• ,~ ,, _ _, 

(O.l mole) or ·solid- ;s·odt~;.hitritf; slowly.Jl.dded, 

•'w~th vigorous stirring~: :After t•iour, tn~'cold. 
' . ' :.-•,·•,.' " '·', . . : ,,.. '. 

solution was extrac tea.·' with:i tw~ ioo, m1 •'· 0por't1ons of ' . 

ether, made basic with ·3of :sodium hydroxide, and the 



.. ·· basic solution extracted w:1 th three 100 · ml. porttpns 
. ' . ' 

or ether~ The. latter ethe:real solution was·dri~d 
~·. . . . ·. . . --. . . . . . ' . . . . . . . . . . . . 

over calcium sulfate·1 the: e~her distilled·, and the 

·resulting o~l fractionated to yield 20.4 g. (84%)' 

ori• N-/}, -(2~.fluorophenozjr) .·. 1s·opropyy'~N-benzylethanol--
- . · .... ·. • .. :, .. ,: . · ·-. __ .· •', ' '··_ _ · . . ' . . 

amine, ·boiling at: l7a-1790. (O.$. mm..J. · 
.&!!!•-· .. Calccl., ·r,or o18a22o2NF: o, · 71.&; 

H, 7.2; Jr, 4.6. Found; O, 7l.3l H, rt.lJ N, 4.8 • . 

. . . 

~, Preparation .or· N-/JI, .-{3-~luorophenoxy) _ 1sopropyl7 

·-~i ~benzzle.tha.nolronine •: 

Tllis compound was preps.red. ~1 ~·the reaction 
·. , . ·. ; ' " ; : 

. ·or -21 .. s· g. (O_.l mo:l.e) .ot N-[P-(3-fluo~ophenoxy) 

is~propy.l7-ethano1am1fie,_ 12.6 g.;Jo._l m~le) of henzyi ·. 
. ..· ' :' ' . .:, ·: ·.. ' .. · ' . 

chloride,. and 8.3 6•. (o .•. oa ~ole l ·of p~tasslium carbonate 
' . . ' . 

1n·l00 ml. of absolute alcohol by the method. described 

in ~he :preoe(iing a,ect1ori.: . . The yield of ~-0-(3-fluoro-

phenoxY) 1sopropyy.:N-b:~nzyit,than~lamine 1 boiling at 

174-176° (0.4 mm.) was 24 8• (79%) • 

.&!!!• Oalcd.. for o181:t22o2NF:·. a, ?:L.3; 

· H, . 7 .2; N, · 4.6. Found; . c~ . 71.4) _ H, 7 .5J N, 4~_9 ..• 
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Preparation or N-V-(4-fluorophenoxy·) _istipropi!] , 
. -N'..benzylethanola.min~ ': • •· 

This compound was prepared bi the conden'sation 
' ' ( . ' - -

of: N-lj> .-( 4•f.luorophenoxy) 1sopropy!]~.ethan.olamine_, and 
. ' ., . . ·. . . ·. ' 

benzyl chloride .by thElgeneral,.meth,.od desoribed1n the 
. .c· . ' .• ,· •-_ ' • _- ·: _ , .. ·.-, ' 

. ' . . . 

p;receding seoti,ons • . . Similar quantities~ condi;ions, 

ancl n1eans qf '.:purification ·were t;tsed. ..Th~- yield o;i) . 
N-b -( 4-fl~?rophenoxy) 1 sopropyQ ·. -N-benzyle:thanolamine·, 

. boiling at 1ao-1s1° :(0;4 mm.) ·vr~s 19 S•. (79%l •. 

· An~.l~ ·. Calcd• · f'or CfaB~2<VIF• o. '71,3; 

· B, 7.2; N, 4.6.~. Found: C, '71.7; H, 7 .o; M , . 4.'t• 

Preparation 'or u;.£.p-12-tl'itluo:romethylphenoxy)- . 

fsopropyJ:Z -N~ben~ylethanolamineJ · 

This com.pound was prepared by-•the condenaat1on 

·.· of 2 •. a g • . ( o.oios mole) Qt-, N-.03 -(2-.trifluorome~hyl- .: . 

phenoxy)' isopropy,J.7' -ethanoland.ne and l.~ g. {0.0105 

mol~) of benzyl Qhloride by _the ge:r:ieral method_d.escribed 

in the precedin,g seat1o·~s. , The yield ~f. N-0 -(~-trf-

fluo;om~ thylp1',e~oxy) iaopropy~ i .. ; ;;be~~Y J,e tluln;1attl1~e · 
. . . , - :•.. . . . ' . ' 

be>1.ling a~ 168-169° ( 0,4 mm-.), was f.6 g. - f45%f; '. ·. 
·Anal. Calcd. for G19R2202NF3: Cj ·a4.6; 

B, 6.3J ~B, 4.0. 



Pre~aration of ~;-0 •<3-tr1flt10:rome.bhylpheno#):'·.-

:. · - 1 sopropyy'. ~li-benzyl$thariolnm1~e t< 

' ' ' 
' : . . . 

·' .. . . '!'his p·om.pound ' 'was prap·ared. . by the . con~ensation · 
,, . '. . : - <':< · , ' ·, ·. _._ . . . ··._ ' · : ., ' ·. , . •· , .'.; 

· of 2e.·3 gi (0.1 mole) ot N-LP•(3-tr1fluoromethyl·- · 
' .. . . . . ' . .. . ' ,· ~. ·,.,·~ ' ,f.•' . . 

phelioiy) · :tsopropyg .• ethanolmn.ine and 12.6 S• _{O .• l / . 
mole)·_ ot benzyl ·o~loride · as ·.deselrlbed _in ·the _preceding 

sections. The · yield or J ,-L°p ..; (.:>-trifluorOnte ;hyl.phenoxy) 
,, • , ·.··· ' . · : ·.... ' ·.- · :· _·, 

' isdpropyJ.7-lt-benzyletb.a.nolrun1ne, boiling at 175-174° 

·> {o.s· rmn.J was 29 · :g. (S2%). · 
. . ' 

. /ms.1. · Calcd. for 019H2202NF3 : c, 64~6; 
.. . 

. . ,,· 

H, 6~3f N, 4.0. -· Found; . C, 64.71 ,Ht 6.0; . N; 4,2. 

Prel?ara,tion --· of . N•(P- .:.·phenox11sopropzl) -· -ll-benzzl-

ethanole.mine t 

· This compound ,was· prepa.red by the condensation 

of, 40 g. ( 0.2 mol~} t>f N•( fl -phenoxyisopropylJ-·ethanol- .·_ 

amine and: 25.2 g. , (0~2 mole) otbenzyl'chlor:tdeby 
. . . . 

the general method: described in the preceding sections, 
' ' • ' ' • I 

ut1i1zing similar cond1.t1ons and means . ot purification. · 

The yield . of N- ( Jl ·•phenoxyi sopropylJ _. •·N- . benzylethanolam1ne, 

boiling at 182-183° {o~a mm.), was · _52 g. ( 91%} • _ 

Anal. Oalcd for o_1aH23o2N - ; c, '75.75; 

H, ·a.12; ,N, 4.91. Found: o, 75.63; H, 7.91; N, s.20. 



Preparation- ot· u:.0 •<2-fluorophenoxy) isoi,ropyfJ 
•· · •· .. ·•· .. ·••·· · .. · , . < , : . ·• . . . 30,69 -N-benzyl- /3 -chloroethylamine hydrochloride 

~03 S• (l.Q mole) 

9.2 g. (0.0304 mole) 

· 368 g. (l..O mole) 

7.5_g. (.0.0209 mole) 

0.0209 % Yield::. o;ozo4 ·: 69% 

N-LP -(2~fluorol)henoxy) · 1aopropy.!7 .• -N-be~zyl- . 

ethanolam:l.ne (9.2.g., o.0304mole) was graduallyadded 
.. -_. ' '. ,·,·,· ,,__ ' 

to 25 ml. of r~d1s:t1lled._ th1onYl ... chloride. ~ter· the 

initial vigorous reaction had subsided, the-mixture 

was refluxed for one., hour and the excess th1onyl 

chloride remoyed under reduced pressure. The residue 

was recryetall1ZE3d fro1n an absolute a.loohol--ether 

mixture and yielded 7.5 g. (69%} ot N-LP-.<2--r1uoro-
p~eno1ty) lsoproP,Yrl. -N-benzyl• P-chloroethylam:tne 

hydrochloride melting ·e.t 158-159°. 

Anal. Oalcd. for o1 a1122oNFOl2 : O, 60.3;" 

H, 6.2; N, 3.9. 



,··, F~ep~~at16n.. ;6f.·_ N-Ce -.~l 3;~r1:uo~ophtrrioX1.,· .. 1~opropy~· 
........ a l _ - f -- _ _ • . t R . . _ I . lf _ _ . _ _ _ _ . , . . _ _ _ .. . . . . . . . : , - . . _ : . _ _ . _ _ _I _ 4 

:- ·: ;;·, .; 1·-_·. 

_.,: ··:\:. ·.·~ 

·::·· .-. . . .·_ •-·•.-.·• ~is . compoifud ' was· preparecl by tt1e· ·actfori•:: or .. 
I\th1on;rl. chJ.ClrS.a~ or,i 11:.i g •. J o.oaa~ .moie) iilf N..fA - . 
·. ·: ( 3-tluoroph~~oxrl 1s,op~~pyg :N-t?enzyl-~t~anolant1rie 
·as _desoribed-,·in-: the · p_reo_ed1ng se_ction. .The y1ilcl:;ot '·.:. _;" 

. · N-J:fa .. (i-i-J.ll~~ophenoit1) . i13oprol)y!7' -lt-benzyi: P-hfu.~r~,S 
· ~~hjllllllin~ §.ytlrOehlo~19-, •• piel tinf! at :l_49.;.u1 o / ;6\. :/ . 

·: .."_ -'. . • . .:) : ,,:, ~:r .. ·~:\ ·.t ,,._ ,:,-.. ·,: -'- __ ; ~·. )•·.(.,.~_" ., :,-,:.:.-~./:·~--, '11; ·:.°t' . ';·: '. .. ··, , :, , :· :' - <;•': . 

. s.o S•0'. ·(62~fi , 
' .. /· ., ·.· {' ',,,i ·:,\ .,::;;\ ·" . ·,, , . 
. \ . ···. Anal • . _·.a~~ca~.£<,:r:,.~i'ailJa?NFOh{ : .·• o, eo.s; 
Ii, th2J ~• ~.9. 

-~ • . · ( , , I 
•. ~I \.;. 

' i 

. Preparlltion-,:61' :•.}i:2;Q!-.,;(4.~tluoropherio~ir 'isoz,ro:p~y . ., . . 
-M-b~hzyli ~-chloroethyla1t1i~1e' hydriochloride; . 

!!b:ts compound. wa.s prepared -: by the action of 

.· thionyl chloride on :J.a·.o ' g~ (0.0446 mOl~) ~r. ll:fi •. ' . . . '_--_ •; ·,._ . '";_ ' : •· .. ·. ,. ' > > • • . • I • 

;·· (4~fluoropb.enox.Y) , isopropyy •M-benzylethanolrunine 
. . ' , ' .·· ___ ,· · ' ' •, ··- ·:_·· • ... _ ···:: : ._-, -.. -_ -_· - _; _:·· ' .'·: 

as -deacribed in the preceding ·•· aeot1:ons. · 'l'1e yield 

of N-L~-( 4-i'luorophenolt)') 1~op'!'opy'J:J --lf•benfiyl- P -
- ·- ' ' 

>cn.loroethylamine b-ydroehlor;de, mel~1~g -_~t 136-137°~ 
· was 10.0 Eh · ( 69i0. • · · 

Ana.l. o, 60.3J 



,. •- . . . . ' . . .. • ·_ . . . . -, 

.. -11 --b~hzyl~ P, . _chlo:roe thy lamina .. hYdrochlori~~ ' 

· This compound was prepared. by the a~-tion ot 
thionyl chloride on ·1.6 g •. '. (0.0045 mole) :of: N-Z;a •(2-tr1-

fluoromethylphenoxy) 1.sopropyy, .i-benzyletharto;Lamin~ 
as described in the preceding sections. The yield·· · 

ot, N-Lfo :-(2-.trifluoromethylphenoxy) ·· 1sopropyy ~N• -

benzyl~ J3-chl~:itoethylamine hydrochloride, melt1~~ at 
J.41-142° -was , o .• 95 g. (527'> ·• 

/mai. · Oalcd • for o19H22oNF30_l 2 : C, 55.9; 
H, 6.4; ·N, 3 .• 4 • . 

Pr~parat1•0:n · ·o:t' N~/fo-( 3~tr1.fluoromethylphenoxy ). ·. l eoprt>pyj7 . . 
-~N-benzyl- /3 -chloroethylam1n~ . h.ydrochi"or1de : 

This compound was prepared. by the acti,on _o:r . 
thionyl ohlo~ide on 21~0 g~ (0~059s' mole) ;.f N-ifo-(3-tri• 

. fluorome.thylphenoxyl isopropy!7_ -N-behzylethanolamine· 
_as de·scri'bed :1.n the preceding sections ·.·· !t\he yield 

ot N:..L/3 -(3-tX:if'lu~romethylpheno:xyf ia6propyi7 >•l~:-
. . _. . . ' 

be_nzyl• /3•ohlor~ethylamine .hydrochloride, _melting··at 
146-14'7°, was · 1a g. ( 74%) •·· · . 

. Anal·. ·. Ca.led. for c19H22oNF30l2 ·: 0 1 .55.9;' 

H, 5.4; - M, .3~4. 



: .· Preparat1on.·. ·of -Jt-(. fj . .-phe.noxyt sopropyl) . -N-benzff ... fo -

chloroethylamine,hydroch.loride: 

This compound was prepared by th.e action-of 
th1ony-l chloricle _on 19 8•. (0.0666 mole) of lf-(P•r,he11oxy-
isopropyll-N-be~a1leth.anolamine. ns d.escrU>ed in the . 

previous sections. 'fbe yield or ll-(/3 -pb.eno.xyisopropyl) 

-N ... benzyl- 13>-cihloroethylamine . h:ydroohlor1d. e, melting 

·at - 0 o., was 12 g. (53~). 

Anal. Oalcd • tor o18a230NOl2 : 0, .. 63 • 72; 



-, 

IV. D!SOUSSION .OF -__ EXPERIMENTAL 'RESULTS 

Fluoro lsosteres ~:f Vitamin B6_: . . 

',rhe.·dibromo ~;rivat1y_e , of' pyridoxin~ •JVitamin B6 )• 

was ob~aine~ b;,- -treatm~nt· .of'. piridoxin~: -,,1th 4.0% hydro• 
··,•·:• . .', · 

-bromic _: ac1di -· Attempted preparation ot the difluoro -
analog ' by treatment·: of' the dib:romide with. such halo.gen 

-~xchange agents a.a mercuric oxide and anhydrous hydrogen 
• . . • i ' • 

:riuc,ricle • mercuric .t'.~uoride and anhydrous hydrogen fluoride, 
_mercuric fluoride and chloroform• _and potassium-fluoride 

' ' 

and. celloaolve, .. at a variety of . tempernturea:up to 135°, 
yielded only , resinous materials• 

Fluoro Isosteres or . Pantothenic .Acid; 

In the preparation o.r·tluoroisosteres ·of< 
. '· ' . ' 

- .. ·, ·: ,. . . 

pantothen1c acid,- the d-hydroxy- fl>, /3-dirriethyl•Y:--
' , . . . . ' 

butyrolactone portion . of: the molecule has · be,en unsuccess-
fully treated _.witJ -nlllllerous ·ha.logenat1ng: ag~nta:, in an 

effort to obtain the .... bromo o:r er- •chloro ;iaetone. 
Brominating agents: 'such -e.s red ,phosphoru~ and b:rom1ne, 

·phosphorus tribrom1de, and phosphorus ~:r-j.brom1d.e 'arid 

bromine have _tailed toyieldthe completely .bro~1t1ated 
product. At_tempted. purifioat1on by moleoul~r distillation 

. . . . . ' 
arid by cryst~llizat1on t'~iled to y18ld.pure product. 

T~ee.tm~nt -ofthe lactone w'-:th ithfonyl ~hloride 
' - . ' 

and a mixture of thionyl chloride and phosphorus pcntaohlor1de 

failed to yield the: pure c:,l--ohloro laotone. 



. -160-

Fluoro Isosteres of .Essential Atnino ·Acid.st 

Thepreparat1on oftluor1ne•conta1n1ng:compe>unds 
1n'whicb.fluor1ne replaces theiaosteric aminogroupof 
· th~· $.~aieht1e.i·:m~ino• ·:~ol<ls.-hstl been. attempted ··throue)l ...•. ·the 

' '. ,, 

cf'-bromo,.. aei4. · ester .analogs ot such. essential amino.• acids 
, .... ':· .· ·-~, -·-:.··•.· .. ·'., .. _,·•·.· _'·-• ... --~- ·,: __ ,, ·:..,. ·.:·; . ~:- -~- . ·, 

. 9.8':.leuoitie, lsol$uc1rie,/ no:rieuo:tne, serine, _and. tyrosine• 
. . . . . · .. ··· . ' . ·•·• . . . .. ·••· ,, . . .. . • .. .. ·54 ·70 'fh~ 1.,>romine-fl~or111e halogen exchange raa.ction -, · was 

·i ·-•· .·•· .. · '· . . · ,,:, ,', . ·•·. _·. .• . . . -71••72,7 
at_t$mpted, :\is1ngme'rour1c. fluoride and.· potassium· fluoride · ' 

under various ·conditions •. 1 Tbe halogen exchange was . 

attempted ineuch solvents_as. e~loroform, cellosolve, ' .. •. .t, ''· ' .· , ... 

eth1ian'e,glyoo1, o:r-ln qUlnoline, as well as 1n the 
" :-·· _ .. , •. · __ ... ,_. ___ ._· ·.·._ ... . ._·; 

,_. . ' .. · __ _.. 

absence ot any solvent, w1tbvar1at1on1.1 in temp~riatupta 

between· 45o and 190°. \Vith·niercuric . .fluoride,_. the halogen 

exchange_ was· found to take place- at· 70-ao0 . w1 thout •·· t~e use 
of a -·solvent, but only the unsaturated ester and. high--

,-· .. -.--· ·._ .:-·••' -. .', 

boiling p:roduets, presumably polymer10· 1n _natur>e, were 

obtained. · ··With. potassium fluoride and ethylene glycol, 

at t~mperatures .above 140°, oonside:rable'amounts_or 

ethanol were · relllOVed from the reaction m:t.xture, probabl.y 

the ;esult of an alcohol interchange, with t 'he 'glycol'· 

catal7zed by hydrofluoric acid liberated in the_reaotion. 

In none of the runs was any c:f-fluoro ester or acid 
isolated. 

I 

The various bromo and fluoro derivatives of 

tyrosine which ,vere prepared and the trichloroacetyl 

blocked substituted phenyl ala.nines were tested as 



anti-tularemia agents. · Prelim1na~y tests .. have indicated 

··that c:f-bromo~ P -~.a-t:tuorophenyl) .. propiQnie acid ·and 

-( . .I?, .. fluorophenyl) •N-trichloroacetyl-ala.n.ine possess 

activity as· ant1 ... t1:1larfJmia. agents. 
:, ... ··, ' -

· ·'J;he various N-tr;chloroacetyl, aubst3.tuted ·· 
! • ' •• < '. •, . . . .... ·"· . . . . } ' ,•'· . . . . . '. •'. < > > . . . . ' " 

. ,pheny;L a1ari1n~·s· P.;ep~r~d failed . to yield . pure compounds• 
,, ·.,;,'' ' . 

Several recrystallizations trm,ns.cid_solutlons •repeatedly. 
, -· ·,, 

gave; ar;iaterial' sl1JPltly high .. inoarbon and.nitrogen content •. 

A slight_~egree of hydx-olys1S'Of the Chlorines o:rot the 

'tX-ichloro~ce~;r~ group 1s suspected. 

Fluoro• • and 'l'r1fluoromethzlphehol; 

The ortho-.and para•tluorophe~ols were ·prepared 

in overall yields of .48 .. and 34'6 by the •. Srihiemann r49act1on56, 66 

on the corresponding anisidines, followed. bycleavage :of 
the ethers· with· altuninum · chloride A study of thEl 

Schiemann reaction on .e_-an1s1d1ne and _Q-phenetidine was 

made to determine wh1ch would give the best yield or the 

oorrespondingd1azon1um fluoborate. Little difference was 

noted in the two compounds as both gave yields of\ over 
'. 

90%. m-Fluorophenol was readily prepared 1n40%J'1elds bJ 

direct d1azot1zat1on of_ m-am1nophenol in anhydrous hydrogen 

f'luor1de60• The.trifluorornethylphenols were prepared 

~ccording to the method of Jones62. 



' ' ' 

Fluoro-Oon.te.1.ning 

'F-luoro~contaiping .·3•phenox1Prc:span-t,2~iols 

were · relldily{preparea •·1n .. Sood yields by the condensation. 

lf .~he appro;ri~te . sodium t'l~or~phenolalie 'iirut S11cerol~J- .. 

Jlloti¥h1,0r()~,{i-1n~/;Tbe .of the( .and ~et~ tr1f 1Jofometh;rl · .. . · · 
·,•.<. · ·::1 "·~·~. ·•·'>··'_.'.~t '\ -___ -_· __ --_., __ --~ .. ..~: .--',.,~~--- _, :~,. __ ... /· '· -. . . . _: . "::·· -., . _; _ --~ . _._'.' : ;_,-... :!_:.- :· ·, . . 

de:r~,at1.vf:1~ \:,e~e~·pr~pa.ti~rl fn \ ·~.· similar matlll8r bu~ the 
< . :: -.._:; :: ··c ·,- · .. ,:''.: >f\ .· ;· • · .. ·.·:- . , <:, . • · ·. ·: . .. ·· . · .. ··· ..... . .... ... . ,, : ·pa:ra ·. tr1f1~0~9methyll)h:Elnot ;was ~o unsta\.)J.e _ in -b·asic solution 

, . . . . . : . . ,., ', . .- · .. ; . . . . ~' -" . ·_ ' .'·· . . ,.•"· ,:•_ . --.. -. · ... .- . -. . ' ·. . '·• . . .· , ·- ' 

that . 1~ _.WI!:!' _1ml)Oeeible to prepare tha correspOruiing para 
:de~i~iti~~-~ ·'· -· . . . .' 

t ;- · '. • ' .• 

_-·111.e J-. ~-di 9-ubsti tuted gltce:rol ~tll.ers. were .. 

i!Uc<)esi'rui+Y/ ;~~paNd b~ )he oolldenilatiC>n tit · two parts ·· · 

of :: the ·,:f.Jd~ium. 'phenol ate 'vtlth· one_·.' pa~t ot.·)glycerol- r, Y-• . 
. ._ - ., .•:--~-:. . ' ' 

di chib.rohJdr1n,· · 
. The b.1gi boiling: ~13. :. obtained in· .these runs 

·solidified Upon•·cool1ng and ·rElpeated reeryati:t'lliza.tion · 
, , . ' - -' 
. ' ' 

f;om a .b~nzen.e!'l"Skel;t.yaolve "B1t ·m1xture or from eth~r 

produced .. · :a:· white· we.ii sol.id• . · 

, pluoro-·contain1ng P •Ohloroethrlamines·~ 

The· preparation otfluoro•eontainine; /3-cbloro-

ethylaminesof ,possible sympatholytic .im~ortance was . 

achieved by the cond.ensation 'of the · app:roprie.te~luoro 
' ' '. ' ', · \ ' 

or · 'trifluoromethyl phenola te . and propylene . _monoohle>ro- -

hydrin. The mechanism of. this reaction was found·to be 
' ' ' . . . : 

' ' 

the· el1rdnst1on of ,_ hyttrogan· chloride from the propylene · 

monochlorohydrin to yield .propylene oxideJrollowed by ·the 



attack ot the phenolate ion on the.propylene<oxide to 

yield. the secondar·3 a.leohol. This meohanism ,was 
. 0 ' - + ---• --_-- -.- .· -__ -· . ---- /.\. .•... ·. >.+ ROel.\10 Na-,. OlOU20HO!IOH3-+ RC6H40 + OHrPHO;H3 +Na.Cl+ H 

o-·- -.-. . . + . . . __ - .. · 
R06M40-0H2CHOH3 -,.. H -~ RC6H,4p-m120IIOHOH

3 

substantiated. by the fa.et' that 100% yields of soditUJ'l 
. . 

chloride were obtained after. a few minutes when the 

appropris. te ._ sodium phenole.te and propylene monochloro-

. -hydl'ln .were -m1xe:)d, :i~~h.ereas _ the yieldco.f_ the -desired. 

ether after t µour waa only in tbe ., .range --ot 10-20% ;-_·;· .-· .; ·. :. •,. ·, ·-·, 

but increased/to 84%/ after ove~n1ght ·retluiing· wh~n ··m.i. 

efficlent 1-.eflux oond.ense'.tl __ VJas u~e£!., ,'l'~~ .. 1nstab1,l1ty 

at the . .2-trifluoromethylphenoi ln :'basic ~olution and 

its general l'8t1etivity p:revented._·~he successful 

preparation of the oorrespond;ng ;eara:deriv11tive. 

~e substituted-2-propilllO'i. •\raa -converte'd .to 

the corresrJonding chloride without difficulty by the 
, 68 _ '. 

method. of' Liebermann using thionyl chloride and 
. . ' ' 

pyridine. The yield_ of the _chloride 1:n compounds 

which.possess meta substituents, was lower than those 

possessing ortho .anti par.a substituents, as was noted 

byLi~el'm.e.nn,,' No e_xplanation· for .•this phenomenon ·1s 

offered. 

The secondary ethanolamine·derivatives were 

prepal'ed 1n good yield by treatment of the chloride 



w1th ·•etna,nolam1ne ove:rriigl"it at 150°. . '.t:emperf.\fa1r~s >, 
: . be.low ··_ ,ioo0· : .failed. to. tfel~ ' an.,_: ·prod.UC t · •. ' In eompa.r.i_son. • 

. tb.e . t~rtla:by:· amines were prepared 'by · overnight r£Jflux1ng 

·:.cir a mixt~re· of ben:zyl chloride, . absolute alcoh()l• :; the ·. 

: :secondary ethanolan1ines and potassium carhona.t~i ; · ,,The 

'i 'pu.rifioati.o:ri 0~ ,ttl.e~·e. ampie.a WQEJ,,£1.~ally · acc<?mpl.1shed_ 
by the · removal · or th~ :unreacted.. saco11dary amine lly. 

' ,,' . .,.· ·, .. ,:' ., ·.· . ·, , ··_·. __ ,·. ' ' ', ·, · . . 
'· ··. ·.•,. ,: . '· ' ' . . : ' ' 

formation of 1ts-sthex--soluble nit:roso .derivative with 
i_- , . ' ' ' ., · .. , ;,_ ' .. _-; . · ··;;-

. . .. ·· - · .... ... ,· \ 

. ·cold nitrous aoid• . The 'de.si.1'ecl ,prod,ict, · 
t • • • '.:. . ,-, , -. . :,. . , • 

. etbylantlnes~ wer,i obtained -in\ g~qt;i~ ij i~ld . as their 

byd.roohlor1des by treatment · of ._the ter•tiacy ethnnolatn:lnes 

wt th. ·thi onyl chl.or1de andi : .. :.9,1baei1uent, -:Purification by 

: .r~>Cryp.talliz_atiJ,n ;:,,from . absolut~· -aloo~ol • . 
'.:." . ·.;.l 'f , . 



-1as •. · •.. ·. 

V • PBARlitAOOLOGIGAL • TEST:CMO 

Preliminary data concerning · .. pharma~ological 
. .'- ' ., .··, : ; · ... ,_ •" . ·, 

behavior and pa.ra.lyzingdoeea ot-~he fluorine-containing 

d-- and d- • Y substituted glycerol.· ethers v,as obtained* 

acco1'd.1ng to the method of Berger23 ... these ·f'luo:r1ne-

cor1taixdng: c~ntrnl de:p:res'sants · appeared comparab,l-e 1n 
,' -----,;,,: '. 

-paralyzing: action to .... the ... corresponding chlorine·· and 
"' ,· · .. _· .. -:. ··,_.-; ' . . ·· ·.· ·'·' , 

bromine analogs,". but .. 'sli_ghtl"y, ·;~as effective- than_ 

Myanesi_n,. if•he ortho .. fluoro analog ,,as the most efferctive 
' ·t :: -_ :< 

of th1£r--group~ 'lhe strong meta-directir1g t:r:t.fluoromethyl 

· analogs · ware . extretnel:r effeet1ve, espoc1all7. when the 

trifluorom.ethyl group· v,aa 1n the meta position.. The 

rl- - Y-di;substituted glyee:rol ethers possessed 1ns1g-· 

nifioant paralyzing action. 
Preliminary experiments on the toxicity of 

fluorine-substituted. 3-phenoxyp:ropan-l,2-cliols.were 

oond.uoted, us1n.g v1h1te mice. At paralyzing dose 

levels there was no evidence of gross.pathology at 
the end of: two hours. The manifestation of hemor:rhag1o 

·kidney and marked l1verd1scolorat1on was noted at-the 

end or twenty-four hours. Hemoglob1nur1.a was induced 

. with large doses or the trifluoromethyl der1.ve.tives;. 

* Apprec1a.t1on 1s extended to J. H. F'ellmnn for the 
pharmacological data. 



. " . ' .'; ........ · .. _".· ,·· . ' ' ; , , •, . . • .', :: _ _.-· .. /., ... ·· .. ·.··-

;en general, fluorine .. subtrtitutioh did. not -increase. 
th~ ·-t _oxic1ty _, of . th~ ·sub1itituted:.3•phenoxypropan.-. :·· . 

l,2•diolsabove that ·ot .th$ correspond.1ngchloro~ · 

or bromo• der1'V'atives. 

t:/- -and ',/-.. r.:.s11batituted . Glycero~ · Ethex-s 

;-. ·l"aral;j'z:trig.· ·noses 
•" i . • . . . -. . .-

·,: 2~· 'f1ti6;~pq~njJ 
·3~.--fluo:rophenyl 

,'·_ , · ..... ·._.:,.._ , ' ·., ... ·':: ;.··' : .· ,1· ... 

4•. 1liiorophenyl 
2~ . trit1µ0:,z~;t1eti1ylphenyl . 

,· -. .. : ,. ·~ ;, 
' -~ ~'. . ' '; ... , 

. · 3~ tr,1fluor.ome thylphenyl · . . 11 

2• .fluorophenyl 

3- _fluorophenyl 

· . ·.,. 4 ... .fluoropt1enyi · 

2- flu.orophenyl 

3- .fluoropbenyl 

·4~ .ri~orophtmyl ·: 

i P.D.la_l . 
mM/~S•· · . 
1.9 · 0.2 . 

a,o o.4 
2.a 0.2 
2.0 · .0.2 

l.5 0.2 
· . fb) 

10.0: o.s 

· 3.. t:ri.fluoromethyl- ;5~ tr1.fluoromothyl .... -
phenyl · pheny~ , · 

( a) . The loss of : ·the .righting : rt:Jfiux · 1n vthi te mice ·for 
at I least· one mir1u'te via.a considered as oJJ1terion for .. ·. 
paralyzing' action\ In .'all oases 'the use o·r 10% propylene 
glycol aolqtion was employed .as: the . vehicle :.for 1.njection. 
The volume injected was neve:r more than .. 0.5 ml. by sub-
cutaneous adm1nst:rat1on. 
(b) Intra.peritoneal injection. 
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. ,~~e f _lUC?:t-lne --.substituted ,_N• ( 15· -phenoxyisopropyl) 

~N-benzy1- ~-chlo:roethylamine bydrochlor,ides ,viil be 
< ; • ' • -.. • • • ·.• ; • - ... •. ,_;· .- ·· , 

,. . , 

tested _in .the near- ·fu~re fQI' their ettecti:veness as 
·sympatholyt1c agents, -.a.s demonatrated •. _by-;:thetr •ab1l1t.y 

_to .bloclt the ,, pressol' etfaot of_ epiXlephrine when 

administered intravenously,. 

Itwi.\s demonstrated' tbat .the Williamson reaction 
. . , .. 

1 s app11¢~ble·.· ~<> · fl:u,or~ _and tr1fluorometllylphenols -and 

such halogen compoib.nds as glycerol~ el--monoohlorohydr1n, 
glycerol-ii-• ~ ~;_dichlorohydr!n, arid ·'propylene- tl--mon~--

' . . ' , . ' chlo:rohydrin. The meohan1srn ot: these reactions ha" been 
. . '. .. . ' 

established··'to ·be "the formation_ of sodium chloride a~d an 
' ' 

epoxide . by the 1.ni tial loss or hydrogen chloride 'from .-the 
. - ·, . ;. . . , ; . ' ' 

halide, and the subsequent reaotion:_of_ the !3po:x1d~ with< 
' · :' 

the phenolate ion to yield ·tlie seoondary .aloohol..:ether. 
Fluoro .and :·trit'luoromethyl analogs of d- .~ and 

r- r .. su.bat;itu,ted glycerol. ethers were succ~aaf~lly 
preps.r~d., their ~tteotiveness as cen·tral d~pre~sa,nt . 
agents .· undertake~- and 'tile . results reported... The 

ortho;.. f'luoro and jneta-t.r1tlu.oromethyl de:ri va.t1ves 
• . ' . . . . .· ' t . ' . _. ' 

compare favorably with 11Ityanesin~ and ·will. be more 

thoroughly investigated, 



Fluoro and t ';1fluofomethy1:;:substltu.ted · 

}l., ( · P ~phenojc:,i,$Op;op;ri),Jf b~riz)'l, .. /3 .. ~~oroethylemi~.e 

hyd~ochlori~e: ,ve;e · successfu.llf: p~epe.reci : a~ :~the~r 
.· eft:ecti ye~es ir ·. afl ... ·.·.s~pa.tholyt.tc·., :agents .. ·.·. wilf .:be de,te:rm1n~d -

:<1n':the .• near .·_future ·.•· 

1a -reporte.d. :···. 

3 ..... { 2-fl ,1orophenoxy} prope.n-l, 2~J:11 ol:, 
~·- •• ~ .. f_ :_ ·-\ • ·.'· <;. . ··. ---~- ~:J -/ \-,./·:.:. , ·, ' 

3-( 3-fl~oroph~h9~) pl'b~€lri~ 1, 2-di; ol 
,:/ " .::'•-< .... ' .... · ·_ ,._: ,, ~-i.' ' .•.. :, ., 

·,',f 

3-( 4-flu.01~op11enoxy) ~r~pan-l, 2..-dtol ·• 

/ 3:,; {; iirif lUo~()_m6 tJ:iylplJ.eno;xy) propan--1 ;2--diol 
. ,· . ·, ' . 

· 3-~.~~.~;i--lf J,..u~rome thylphenoxy).propan.-1, 2~dlo l . 
; ·- • · ·: : ' • • , • • • .· • • • . J • l• s--4i~ (2~·tluorophenoxy) ~2-p:ropailol : 

• , : • ', , ,- .. , :, \.' , 0 ' • ' ••,' . , • ;-. ·.· , , ' , \ 

.. l, 3-41-:}_3~:f'.luo:rophe~oxy) ,•2--propanol. .· 
:· .. _'\. \ ·,:·. :· . ,, . :' · - ·. _.- :;., .. ,: _._. . .: _.:···, 

. ' ' 

l:,3-di-(3-tr1flt\orom<1thylphenoxyY-2~propano1 -, 
.. _- --·: '\ -- .. _·:-.· ._,; . . :_' __ '.'_'.•. · , · . . . : . '·. -:. __ , . .- _ .. . ' ' . ·: . . . .' . 

·l.;.(2•.fluorophenoxy) ... 2-propanol 

· l-{3-fluorophono}iy)~2~pl~Opanol , 
•· ·." , . 

1- (4-fl·uorophenoxy) •2--propanol 
, · ·. ' . .· . 

· . · 1-( 2-tri fl11o~or11e thyl1,b,n?i Y) -2 ... propano+ 
·•, ' ' . ,· ' . .. ' 

· l-(3-.t~ifl uoromfrthylpheno;xy) .-2-p:ropanol 

· 1 .. ( 2-tluorop.h~noxY)-2-ohloropropane 

1-( 3~.fluorophenoxy} •2-chloi,opropane 

l--( 4-f luorophenoxy) •2 ;...chloro:propane 

, l• ( 2-t·r1f'luorometl1.ylphenoxy) -2 .... c_hlor-opropane 

1 ... (3.-tr1tl,ior01nethylphenoxy}--2~ohloropropnne, 



ri-0 -( 2--tluorophenoxy") -isQprop:,!7-athanolrunine 

N-f~ .-( 3•f1UorophenoxyJ••1 aopr~py 'i7 ... ~thanol;.afit.1~e · 

N-f p • {4-fluorophenoXl') ~1sopropyJ] .. ethatlol~~sr 
· N-["13 , ... ( 2-trifluoromethylphen,oxy) -1.s,opropyl:7-ethanolamine 

N-f P-(3-trifluorometh.ylphe.noey) •isopropy_y' .. ethanolamine 

fl~( r -pheno.xyisopropylJ •ethanolam~ne 
'. ' " .. ·· .·'. ' :·. ·•:·_·: _·,;. 

N-£/3 .• ( 2•fluorophenoxy) --1 ~OJ)ropyy'-J-behzyletbanolamine 

N-f fi-( 3-fluorophenoxy) --1 sopropyJ]'-rt-benzylethanolwntne 

N-[P -( 4-f luo.rophenoxy) -i aopropyl7 ... it-benzylethnnolrunine 
'.·._, ·.- ·, ,.·. . 

N-[P ... f 2•trifluoromethylphenoxy) -1 sopropyJ:7- . . 
-•• · , · , .IJ•benzylethanolamine 

H-CP- .. ( 5 .... trifluoromo.thylph,moxy) -1sopro1>'YY· 
• •··· · . . · ... N-benzylethanolamine 

N .. (l3 _-phanoxy1sopropyl)-N..:.benzylE'1thanolamlne 

N-L P ·-~·( 2-fluorophenoxy)-isopropyJ;l-N-benzyl-,S •-
. ·chloroe thylamine ._ hydrochloride. 

N-E • ( 3•fluoroprrnnoxy) -is opropyl7-..M-benzyl .. P :.. ._. . .. 
· ehloroethylam1nehydroohlor1de 

1.4-l/3 - ( 4-f luorophenoxy) .. 1 aopropy:f/ -N-,benzyl- /J • . . · 
· ohloroethylamine · hydroohlo:r1d.e 

li•CP> -(2-tritluoromethylphenox:v)-1sopropy_!7-N--benzyl--
. f3 -chloroethylam1ne ·. hydrochloride 

. . ' ' 

N-{f-'-( 3-trlfluoromethylphenoxy) •i ~opropyy'--?i•benzyl-
(3 ~chloroethylalnine ;tiydroohlor1de 

N-{ P. •phenoxyiaopropyl) -U-benzyl- P-chloroothylamine 
hydrochloride 

The preparation of fl,:t.oro iaosteres of the 

etrnent1al amino acids and of the. 'vitamins ·pyridoxine 

and pantothen1e acid wns unsuccessful. Only the 



ool:'reapondtng 1.msat,1rated. oompou:r:idii, ·:t•f.lsulting trom 
,. ·,... • .. ' ,..... ..,· ,: . . ', ' ; 

/ th; eli,inati on o.t hyd.~ogen :r1,1ol"ide from th~ rt;;iµ ting 
. ,,.. ' ' '· .· .. ,.· ·. ·;,·,., .·.•.··· ·:,.,. 

monotluoridea, · or tarr;r materials ware obta.itJect.-:.1 .< · 
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